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(54) Title: SUBSTITUTED LACTOSE DERIVATIVES AS CELL ADHESION INfflBITORS 

(57) Abstract 

Compounds and methods of mak- 
ing them having formula (I) are described 
which bind to selectm lecqitorB and tims 
modulate the course of inflammatian, can- 
cer and related diseases by modulating ceU- 
ceU adhesion evoits. In said foraiula each 
is independent^ H or lower all^l (1- 
4C); R2 is H, OH or lower alkyl (1-4C), 
fx a lqx)philic group such as a hi£^ alkyl 

group (5-15C), alkylaryl or one or more additiraial sarscharide residues; R^ is a negatively diarged mot^ including SO^-, FOi^, orielatBd 
groiq); Y is Hot lower alkyl (1-4C); and X is H or -CHR'KCHORi)2CHR^Ri wherehi R^ and R^ are each mdependendy H, lower alk^ 
(1-4C), or taken together result m a five- or six-membered ring optionally omtahihig a heteroatom selected fiom the group oonsistiug of 0, 
S, and NRi; said five- or six-membered ring optionally substimted widi one substimem selected torn the group oonsistmg of R>, C[f20R^ 
ORi.OOCRi, I^^2,NHCOR^andSRl wittitepnjvisotiuitifXrqxrBsentsahe^ 
a hexose su b st it neat 
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RIJRRTiTUTED LftCTOS E DERIVATIVES 
Afi flELL ADHESION INHIBITORS 
5 This appiicatiOT Is a continuatiorMn-part of United States patent application 

Serial No. 07/91 0.709 filed June 29, 1992. 

Technical ReM 

The invention relates to compouncte useful in the treatment of inflammation, 
10 allergic reactions, autoimmune dteesses, and related conditions. More specifically, the 

invention concerns sut)stituted lactose that binds to selecdn receptors and to 
pharmaceutical compo^ns containing them. The present invmtion is also direct 
to synthetic methods useful in okrtaining these analogs and other lactose derivatives. 

15 Backfflpund Art 

It is now wdl established that cellular interactions are at least in part 
mediated by receptor/ligand interactions. One dass of receptors is known to 
recognize the peptide sequence 'RGD"; other receptors recognize carbohydrate 
llgands. 

20 One dass of receptors that recognize carbohydrate-based llgands 

mediates the adhesion of drculating neutrophils to stimulated vascular endothelium. 
This is a primary event of the Inflammatory response and appears to be involved as 
weii in alleri^c and autdmmune responses. Several receptors have been implicated 
in this Interadion, including a family of putative lectins that indudes gpgo^ (LeuS), 

25 ELAM-1 , and GMP-140 (PADGEM) and (Gong. J.-G., et al., Nature (1 990) 343:757; 

Johnston, GJ., el al., figll (1989) 5g:1033; Geoffrey, J.S., and Rosen, S.D., J. Cell 
Biol. (1989) 1092463; Lasky, LA., et al., (1989) Sg:1045). These lectins have 
been ternied L-SELECTIN. E-SELECTIN, and P-SELECTIN. 

E-SELECTIN is perhaps the best charactorized of the three selectins. It Is 

30 particularly interesting because of its transient expression on endothelial cells in 

response to IL*1 or TNF (Bevilacqua, M.P., et al., SdfiQCfi (1989) 2^:1 160). The 
time course of this induced expression (2-8 hours) suggests a role for this receptor in 
InHlai neutrophil extravasaUon In response to infection and injury . Furthenrore, 
BevDaoqua et al. (see Bevilaoqua, M.P.. et a!., Prors, Natl. Acad. Sd. USA (1987) 

35 31:9238) have demonstrated that human neutrophils or HL-60 cells vAW adhere to 

COS ceils transfected with a plasmid containing a CDIMA encoding for the E* 
SELECTIN receptor. Infonmation regarding the DMA sequences ^Kxxfing for 
endothelial cell-leukocyte adhesion molecules are cfisdosed within PCT published 
application WOgQ/13300 published November 15. 1990. 

40 Rece^, several different grou|» have published papers regarding the 

ligand for E-SEi^CTIN. Lowe et al., (1990) Cell, 63:475-484 reported a positive 
conelation between the E*SELECTIN dependent £uihesion of HL-60 cell variants and 

1 
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tnansfected cell lin^, with their expression of the sialyl Lewis x (sLex) 
oligosaocharide, Neu Nac a2-3-GaH31-4(Fuc a1-3)-GlcNAc. By transfecting cells 
with plasmids containing an a(1 ,3/1 ,4} fucosyltiansferase, they were able to convert 
non-myeloid COS or CHO lines into sLax-positive cells that bind in an E- 
5 SELECHN dependent manner. Attempts to block E-SELECTIN dependent 

adh^ion using anti-sLex antibodies were uninterpretable due to the agglutination of 
the test cells by the antibody. They concluded that one or more memt)ers of a family 
of oligosaccharides consisting of sialylated, fucosylated, lactosaminoglycans are the 
ligands for the lectin domain of E-SELECTIN. Phillips et al., (1990) Science, 250: 

10 1 130-11 32 used antibodies with reported specificity for sLex to inhibit the E- 

SELECTIN dependent adheaon of HL-60 or LEC1 1 CHO cells to activated 
endothelial cells. Liposomes containing difucosytated glycolipids with tenminal sLex 
strudures inhibited adhesion, while those containing nonsialylated Lex stmctures 
were partially inhibitory. Walz et al.. (1 990) Science, 250: 1 1 ^-1 1 35 were able to 

15 inhibit the binding of a E-SELECTilNHgG chimera to HL-fiO cells with a monoclonal 

antibody directed against sLex or by glycoproteins with the sLex stnicture, but could 
not demonstrate inhibition with CD65 or CD1 5 antibodies. Both groups concluded 
that the sL^ stmcture is the llgand for E-SELECTIN. U.S. Patent Application Serial 
No. 07/683,458, filed 1 1 April 1991 assigned to the present assignee and 

20 incorporated herein reSer&ice disdoses and claims the foregoing minimum 

tetrasaccharide structure and identifies the groups putatively interactive with the 
ELAM-1 receptor. 

In contrast to E-SELECTIN, the properties of the ligands that trind to L- 
SELECTIN and P-SEL£CnN are not as well worthed out L-SELECTIN appears to 

25 bind a siaGc acid bearing ligand based on neuraminidase treatment of peripheral 

lymph node high endothelial venules which inhibits L-SELECTIN recognition. True et 
al., 1990, J. CeD Biol. Ill, 2757-2764. Further, other studies using soluble L- 
SELECTIN in direct binding/inhibition assays suggests that certain cart)ohydrate 
moieties may be important ligand components Inducfing mannose and fuoose, 

30 particularty when sulfated or phosphorylated. Imai et al., 1 990 J. Cell Biol. Ill, 

1225-1232. More recent studies suggest that L-SeiecUn binds to sialyl Lewis X. 
FoxaU, C, et al.. Cell (1 992) 112:895-902. 

The ligand to P-SELECTIN is thought to have an epitope related to sialyl 
Lewis X. This conclusion is based on studies using antibody with this specificity that 

35 block P-SELECTIN mediated adhesion of HL-^) cells to activated platelets or COS 

cells that express P-SELECTIN. Larsen et al. (1990) Cell 63, 467-474. Other 
experiments have shown that the adhesion of HL-60 cells to P-SELECTIN 
transfected oeDs is blocked by the pentasaccharide isolated from mOk that has the 
Lewisx epitope. Recently. P-SelecHn has been shown to bind to sulfatMes. Aniffo. 

40 A., et al. (1991) Cell, 67:3&44. 
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Because of the role of selectins in disease, particularty diseases involving 
unwanted oell<»ll adhesion that occurs through selectin-ligand binding on defined cell 
types, the identification and isolation of novel ligands that would permit the regulation 
of such selectin-ligand binding is sorely needed. 

One of the modes of action of compounds of the invention involves 
modulating cell-cell adhesion events is thought to be via selectin-ligand binding. 
However, it is noteworthy thai the additional biological mechanism{s) of action which 
accounts for the myriad medical activities of oompoun(fe of the invention, and 
derivatives and salts thereof, is not Icnown. 

Objects nf thft InvBnti^Tn 

The invention provides agonists and antagonists whldi bind to selectin 
receptors and thus modulate the course of inflammation, cancer and related 
responses by modulating cell-oefl adhesion events. In this aspect, the invention is 
directed to compounds of the formula: 

OR^ OR' ^OR' 

R»o\i:^^V°''^Si^OR^ (1) 
OR' i Y 

wherein «ach Ri is independently. H or lower alkyi (1-4C); 
R2 is H, lower allqrl (1-4C), a lipophilic group such as a higher 
allQrl group (5-15C). ail^iaryl or one or more additional saccharide ' 
residues; 

R8 is a negatively charged moiety including S042-, po^-, or related 

group; 

Y is H, OH or lower ail(yl(1-4C); and 

X is H or, -CHR4{CHORi)2CHRsORi wherein R4 and Rs are each 
independently H, lower ail^(1-4C), or tal<en together resuH in a five- or six- 
membered ring optionally containing a heteroatom selected from the group consisting 
of O, S. and NRi; 

said five- or six-membered ring optionally substituted with one substituent 
selected from ttie group consisting of Ri. CH2OR1, ORt. OOCR1, NRI2, NHCOR1, 
and SRI vim the proviso that if X represents a heMse substituoit R< and Rs, taken 
togettter, cannot provide a hexose substituent 
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In another aspect, tti Invention Is directed to a method to synthesize 
lactose derivative which method comprises contacting an intermediate of the formula 



wherein each IV is independently H, lower alkyi (1-4C), or a protecting 
group; and 

wherein Yi Is H, OH. OCXJR«, or SR«; 

wherein at least one which is at the position to be sut>stituted, and at 
most one adjacent R^ is H and all other R^ are prote<^ng groups; and 

R7 is a protecting group, or a lipophilic group such as a higher alkyt group 



an electrophile-donating moie^ to oiitain a product wherein the 
electrophile is substituted for the H of the OH at the position to be substituted. 

In other aspects, the invention is directed to pharmaceutical compositions 
containing the compounds of formula 1 and to methods of treating inflammation using 
these compositions. In other aspects, the invention is directed to compounds of 
fomnula 2 and additional bitermecfiates In the synthesis of select binding Bgands or 
other useful laclo^ residue-containing moieties. 



Figure 1 shows the effect of compound 12b on rabbits in the acute lung 
Injury model. 

Figure 2 shows the effect of compound M on rabbits in the acute lung Injury 

model 

Rgure 3 shows the results of the dose response of compound in the 
reperfusion assay. The results are expressed as the number of radiolabelled human 
neutrophils/mg of dry weight of the heart 

Modes Of (?anYipg Ovt frg Invention 

This application is a continuation-in-part of United States patent application 
Serial No. 07/910,709 filed June 29, 1992. All patents, patent applications and 
publications discussed or cited herein are understood to be incorporated by reference 
to the same extent as if each individual puUicaUon or patent apfdication was 
specificaliy and individually set forth in Hs entirety. 

The invention provides compounds that are useful in the treatment of 
inflammation by virtue of their ability to bind to selectin receptors. For example, the 
role believed to be played by one of the selectin receptors, EUVM-I , in mediating 




(2) 



(5-15C); 



R qunes 
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inflammation can be d^ribed as follows. Blood vessels are lined with endothelial 
cells capable of producing the ELAM-1 surface receptor. Lymphocytes circulating in 
the vessel contain on their surfaces cartx)hydrate ligands capable of binding to the 
El^l^l receptor. This results in transfer of the lymphocyte through the vessel wall 
5 and Into the sunounding tissue. While this may have a useful effect in some 

drojmstances, as In cases when the sjrrounding tissue is infected, excessive 
transfer of the lymphocytes through the vessel wall and into the tissue may also be 
excessive and cause unwanted Inflammation. While not wishing to be limited t^y any 
particular theory, it is believed that the compounds of the present invention which 

10 bind the selecUn receptors, antagonize the action of the surface ligands on the 

drculating lymphocytes and thus prevent their transfer through the blood vessel wail 
to cause inflanrvnation in the sunouncfing tissue. 

For certain cancers to spread throughout a patients body, a process tenned 
metastasis, cell-cell adhesion must talce place. Specifically, cancer cells must migrate 

15 from their ^e of origin and gain access to a blood vessel to fodntale colonization at 

distantsites. Acilticalaspectof this process is adhesion of cancer ceOs to endothelial 
cells that line the blood vessel wall, a step prior to migrating into surrounding tissue. 
This process can be interrupted by the administration of compouncte of the invmtion 
which generally aid in blocking oell-cell adhesion. Accordingly, compounds of the 

20 invention can be used to retard the spread of cancer ceils which display receptors 

whteh adhm to a compoimd of formula 1 or 2. 

Assays to Identify Ligands 

In their most general fonm assays for identifying lactose derivatives that act 
25 as setecUn ligands involve contacting the appropriate selectin, L-SELECTIN, E- 

SELECTIN, or P^SELECTIN, with a putative ligand and measuring its binding 
properties. 

Several assays are availat)le to measure the capadty of a compound to 
bind to L-SELECTIN, E-SELECTIN, or P-SELECTIN, and such assays are well 

30 known in the art For example, both the selectin and the putative ligand may be In 

solution for a time sufRcimt for a complex to fomi consisting of the seiecdn and ligand , 
f oikjwed by separating the complex from uncomplexed selectin and ligand, and 
measuring the amount of ccmplex formed. Alternative^, the amount of uncomplexed 
selectin or compound could be mea^red. 

35 A second and preferred assay format consist of immobilizing either the 

sdectin orthe putative ligand on a solid surfooe, and forming the selectin-ligand 
complex thereon by contacting the immobiiized reagent with the non-immobili^ 
reagent The selecUn-tigand complex b separated from uncomplexed reagents, and 
the amount of complex formed can be determined by measuring the amount of the 

40 non-immobilized reagent present in the complex. For s^xample, the putative Bgand 
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can be affixed to a microtiter well, followed by adding the desired seiectin to the well 
and measuring the amount of seiectin bound to the ligand 

A variation of the above assay is to genetically engineer cells to express 
high levels of L-SELECTIN. E-SELECTIN, or P-SEI^CTIN on their surface, and to 
5 use the ceils in lieu of purified seiectin. Radiolabeled COS cells have been used in 

this type of assay, and can be transf ected with cDNA that encodes for L- 
SELECTIN, E-SELECTIN or P-SELECTIN. After the cells have had a sufficient time 
to adhere to the ligand coated microtiter well, non-adherent cells are removed and the 
number of adherent cells determined The number cS adherent cells reflects the 

1 0 capacity of the ligand to bind to the seiectin. 

Representative of the application of this type of assay is the identification 
of E-SELECTlN ligands. For example, a complete cDNA for the ELAM-1 receptor 
was obtained by PGR starting with total RNA isolated from IL-1 stimulated human 
umbilical vein endothelium. The resulting cONA was inserted into the CDM8 plasmid 

15 (see Anjffb, A., and Seed, B., Proc, Natl. Aca d, Sci, USA (1987) M:8573) and the 

plasmid amplified in offi. Plasmid DMA from ^dividual cdmies was teolated and 
used to transfec^ COS cells. Positive piasmids were selected by their ability to 
generate COS cells that support HL-60 cell adhesion. DNA sequencing positively 
identified one of these clones as encoding for ELA!y4-1 (Bevilacqua, M.P., et al., 

20 Science, (1989) 243:1 leO; Polte, T., et al.. Nucleic Adds Res. (1990) lfl:1083; 

Hesslon, C, et al., Proc. Nafl. Acad. Sci. USA (1990) fiZ:1673). These publications 
are incorporated herein by reference for their disclosure of ELAM-1 and genetic 
material coding for its production. The complete nucleotide sequence of the ELAM-1 
cDNA and predicted ambio acid sequence of the ELAM-1 protein are given In the 

25 above cited article Beviiacqua et al., which DNA and amino add sequences are 

incorporated herein t)y reference (see also published PCT patent application 
WO9Q^13300 which was published November 15, 1990, which is incorporated 
herein by reference). 

A full length cONA encoding ELAM-1 was obtained by 35 cities of the 

30 polymerase chain reaction with 1 ^g of total RNA extracted from IL-1 stimulated 

human umbilical vein endotheliai celb, utilizing primers complemmtary to the 
untranslated flanldng sequences 

(5'-GGTGCGGCCGCGGCCAGAGACCCGAGGAGAG-3' and 
5'-GGTGTCGACCCCACCTGAGAGATCCTGTG-3'). The 2Kb insert generated 

35 was gel purified, directionaily doned into the mammalian expression vector, CDM8 

that had been modified by the insertion of a Ml site into the poiylinicer, and grown in 
Em. jQQli (MCI 061/|p3). PlasiTtids were isolated frorn individual colcmies and used to 
transfect COS cells. Putative E-SELECTIN encoding piasmids were selected based 
on the ability of these transfected COS cells to support HL^ ceil adhesion 72 h 

40 post-transfection. 
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A positive cDNA whose sequence corresponded to the published 
sequence of E-SELECTIN with two nudeic add substitutions )nbs used in all 
experiments. COS cells were transfected with 1 [ig of this plasmid DNA per 3.5 - 
5.0 X 105 cells, with 400 tig/ml DEAE-dextian and 100 iiM chtoroquine for 4 h, 
followed by a brief exposure to 10% DMSO in PBS. Cells were metabollcally 
radiolabeled overnight with carrier free 32P04 and harvested in PBS supplemented 
with 0.02% azide and 2 mM EDTA at 72 h post-transfection for use in c^l adhesion 
stucfies. 

E-SELECTIN transfected COS cells produced by the above method may 
be used to assay for glucuronyl glycollpid iigands. Simllariy, COS cells may be 
transfected with cDNAs that encode L-SELECTIN and/or P-SELECTIN. The 
production and characterizafion of L-SELECTIN IgG chimera constmds have been 
previously described by Watson S. R. et al., (1990) J. Cell Biol. 110: 2221-2229. 
This chimera contains two complement tending domains, consistent with its natural 
expression. See Watson S. R. et al., (1991) J. Cell BioL 115: 235-243. P- 
SELECTIN chimera was oonstmcted In a similar manner as described by Walz. G., et 
al (1990) Sdence 250, 1 132-1 135, and Aruffo, A. et al.(1991) Cell, 67, 35-44, 
respectively. The chimeras may be expressed in a suitable host cell, for example, 
293 cells and purified. Protein A affinity chromatography is the prefened method of 
purification. E-SELECTIN and P-SELECTIN may be constaucted with truncated 
complement binding domains to standardize the size of the chimeras and to fecilltate 
their secretion. A variation of the above assay is to genetically engineer cells to 
express high levels of L*SELECTIN, E-SELECTIN, or P-SELECTIN on their 
surface, and to use the ceils in lieu of purified selectin. Radiolabeled COS cells have 
been used in this type of assay, and can be transfected with cDNA that encodes for 
L-SELECTIN, E-SELECTIN or P-SELECTIN. After the cells have had a sufficient 
time to adhere to the ii^d coated microtiter weD, non-acftierent cells are removed and 
the number of actfierent c^ determined. The number of adherent celte reflects the 
capacity of the llgand to bind to the selectin. 

Thus, any cancfidate compound of the fonnula 1 may be verified to trind 
selectin receptors by a positive result in the foregoing assays. These assays 
provide a simple scre&i for determining the relative effectiveness of the various 
mmbers of the group omsisling of compounds of formula 1 . 

Nontherapeutic Uses of Comoountte of Fonnula 1 

In addition to their use In treating or preventing inflammation as is forther 
described hereinbelow, the compounds of formula 1 are useful in diagnostic and 
preparatory procedures both iasdtm and ia ybm. 

Compouncte of formula 1 m^ be conjugated to solid substrates and used 
for the purification of seiecUn reoeptor protein from btolo^cal samples. This is 
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conducted most conveniently by arranging the coupled substrate as an affinity- 
chromatography column and applying a sample putatively containing the selectin 
rector protein to the affinity column under conditions wherein the selectin receptor 
protein is aifeorbed whereas contaminating materteds are not. The seledin receptor 
protein is then subsequently duted, for example, by acjQustIng the eiuent solution to 
containing competing amounts of the compound of fomiula 1 or by adjusting pH or 
salt paranrmters. Techniques for affinity purification are well understood, and routine 
optimization experiments will generate the appropriate conditions for conduct of the 
procecfajre. 

The compounds of formula 1 are also useful as detection reagents to 
determine the presence or absence of selectin or related cart>ohydrate-b&idlng 
receptor ligands. For use In such diagnostic assays, a biological sample suspected 
to contain selectin receptor protein or a receptor protein dosely related thereto is 
treated with the compound of fomnula 1 under condtions wherein comptexatim occurs 
between the receptor protein and the formula 1 compound, and the formation of the 
complex is detected. A wide variety of protocols may be utilized In such procedures, 
analogous to protocols applied in immunoassays. Thus, direct assay wherein the 
amount of complex formed is directly measured may be utilized; alternatively, 
competition assays may be used wherein labeled selectin receptor protein is 
supplied along with, and in competition with, the biological sample. In some forms of 
the assay, it Is convenient to supply the compounds of formula 1 in labeled form so 
that the complex Is detected directly; In alternate prooedures, the complex may be 
detected by size separations, secondary labeling reagents, or other alternate means. 
Suitable lat)els are known in the art, and include radioactive lat)els, fluorescent labels, 
enzyme labels, chromogenlc labels, or composites of these approaches. 

The oompouncte of formula 1 may also be used as competitive diagnostic 
reagents to detect the quantity of selectin receptor-binding components, such as 
surface ligands, in biological fluids. For the conduct of such assays, the ccmipounds 
of formula 1 are labeled as d^cribed above and mixed imth the biological sample 
and contacted with the appropriate receptor protein; the cfiminution of binding of the 
lat)eled compound of formula 1 to selects receptor in the presence of biological 
san9>le Is then determined. 

The compounds of fontiula 1 may also be used in imagining studies in vivo 
to determine the locaticHi of selectin receptors lasltu- For use in ^ch assays, the 
compounds of formula 1 are supplied with labds whid) can be detected by in vivo 
imaging techniques, such as scintigraphic labels including indium 111, technetium 99, 
iodine 131, and the like. 

Techniques for coupling compouncte such as those of formula 1 to labels, 
chromatographic supporte, or other moieties useful in employing the compounds b\ 
the relevant procedures are weD understood in the art 
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Antibodies may also be prepared to the compounds rf fomiula 1 by 
coupling th^ compounds to suitable carriers and adminlsterir,.: the coupled materials 
to mammalian or other vert^rate subjects in standard immunization protocols with 
proper inclusion of atiQuvants. Suitable immunogenic carriers include, for example, 
5 Keyhole Limpet Hemocyanin (KLH), tetanus toxoid, various semm albumins such as 

bovine serum albumin (BSA) and certain viral proteins such as rotaviral VP6 protein. 
These coupled materials are thm administered in repeated injections to subjects such 
as rabbits, rats or mice and antibody titers monitored t)y standard immunoassay 
techniques. The resulting antisera may be used perse or the antibody-secreting 

1 0 ceDs generated by the invnunization may be immortalized using standard techniques 
and used as a source of monoclonal preparations which are immunoreactive with the 
compounds of formula 1 . The resulting antit)odies are useful in assay systems for 
determining the presmce and^or aimunt of the relevant formula 1 compound. Such 
assays are usefol in monitoring the circulating levels of compounds of fomiula 1 in 

1 5 therapeutic treatments such as those described below. 

Administration In Antj-inflammatory Protocols 

The compounds of the invention are administered to a sut)ject in need 
thereof for prophylacUcaDy preventing inflammation or relieving it after it has begun. 

20 "Treatingr as used herein means preventing or ameBorating inflammation and/or 

symptoms associated with inflammation. The compounds are preferably 
administered with a phamiaoeutically acceptable carrier, the nature of the carrier 
differing with the mode of administration, for example, oral 
administration, usually using a soGd canler and I.V. administratic»i using a liquid salt 

25 solution canrier. Typically, injectable compositions are prepared as liquid solutions or 

suspenstons; solid forms suitable for solution in, or suspenston in, liquid vehicles 
prior to injection msy also be prepared. The compounds msy also be emulsified or 
the active ingredient encapsulated In liposome vehicles. 

Suitable vehid^ are, for example, water, saline, dextrose, glycerol, 

30 ethand, or the lilce, and combinations thereof. In adcfition, if desired, the vehide may 

contain minor amounts of auxiliary substances such as wetting or emulsifying agents 
or pH buffering agents. Actual methods of preparing such dosage forms are loiown, 
or wiD be apparent to those skilled in the art. See, for example, Remington's 
Pharmaceutical Sciences. Made Publishing Company, Easton, PA, 17th edition, 1985. 

35 Formulations may emplc^ a varied of exdplents induding, for example, 

pharmaceutical grades of mannitol, lactose, starch, magnesium stearate, socfium 
saccharin celiulose, magnesium caAxmate, and the like. Oral compositions may be 
taken in the form of solutions, suspensions, tEdriets, pills, capsules, sustained 
release formulations, or powders. Pariteulariy useful is the adminstration of the 

40 subject Dgand mdecules drecHy in transdermal formulations with permeafion 
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enhancers such as DMSO. Other topical formulations can be administered to teat 
dermal inflammation. In addition, transmucosal administration may be effeded using 
penetrants such as bile salts or fusidic acid derivatives optionally in combination with 
additional detergent molecules. These formulations are useful in the preparation of 
suppositories, for example, or nasal sprays. For suppositories, the vehide 
composition will indude traditional binders and canriers, such as polyallcylene glycols, 
or triglycerides. Such suppositories may be formed from mixtures containing the 
active ingredient in the range of about 0.5% to about 10% (wM), preferably about 
1% to about 2%. 

Intranasal formulations will usually indude vehides that neither cause 
irritation to the nasal mucosa nor significantly dsturb dliary function. Diluents such as 
water, aqueous saiine or other known substances can be employed with the subject 
invention. The nasal fonnulations may also contain preservatives such as, but not 
limited to, chiorobutanol and benzallconium chloride. A surfedant may be present to 
enhance absorption of the subjed proteins by the nasal mucosa. 

Typically, the compositions of the instant invention will oontain from less 
than 1% to about 95% of the active ingredient, preferalrty about 10% to about 50%. 
Preferably, between about 10 mg and 50 mg will be administered to a child and 
between about 50 mg and 1000 mg wiO be administered to an adult The frequency 
of administration will be determined by the care given based on patient 
responsiveness. Other effective dosages can be reacfily determined by one of 
ordinary skill in the art through routine trials estat)lishing dose response ounces. 

In determining the dose to be administered, it will be noted that it may not be 
desirable to completely block all seledin receptors of a particular type. In order for a 
normal healing process to proceed, at least some of the white blood cells or 
neutrophils must be brought into the tissue in the areas where any wound, infection 
or disease state is occurring. The amount of the seledin Dgands administered as 
blocking agents must be acgusted carefully based on the particular needs of the 
patient while taking into consideration a variety of factors such as the type ctf disease 
that is being treated. 

The oompouncte of the {[Hesent irWention are useful to treat a wide range of 
dseases, for example autoimmune diseases such as riieumatoid arthritis and muiUple 
sderosis. The compositions of the invention are applicable to treat any disease 
state wherein the immune system turns against the body causing the white cells to 
accumulate in the tissues to the extent that th^ cause tissue damage, swelling, 
inflammatton and/or pain. 

Reperfuston injury is a major problem in dbiical canfidogy. Therapeutic 
agents that reduce leukocyte adherence in ischemic myocardBum can ^IRcantly 
enhance the therapeutic efficacy of thrombolytic agents. Thrombolytic therapy with 
agents such as tissue plasminogen activator or streptokinase can relieve coronary 
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artery obstruction in many patients witti severe myocardial isc:hemia prior to 
irreversible myociardial c:ell death. However, many such patients still suffer 
myocardial neurosis despite restoration of blood flow. This "reperfusion injury is 
known to be assodated with adherence of ieukocytes to vascular endothelium in the 
ischemic zone, presumably in part because of activation of platelets and endothelium 
by thrombin and cytokines that makes them adhesive for leukocyte (Romson et al., 
arculation 67!lQlfrlt^. 19^). These adherent leukocytes can migrate through the 
endothelium and estray ischemic myocardium just as it is being rescued by 
restoratton of blood flow. 

TheiB are a number of other common clinical disorders in which ischemia and 
reperfusion results in organ injury mediated by adherence of leukocytes to vascular 
surfaces, including strokes; mesenteric and peripheral vascular disease; organ 
transplantation; and circ:ulatory shock (in this case many organs might be damaged 
foilowing restoration of blood flow). 

Formulations of the present inv&ttton might also be administered to prevent 
the undesirable after effects of tissue damage resulting from heart attacks. When a 
heart attack occurs and the patient has been revived, such as by the application of 
anticoagulants or thrombolytic (e.g., tPA), the endotheBal lining where a cdot was 
formed has often suffered damage. When the antithrombotic has removed the ctot, 
the damaged tissue beneath the dot and other damaged tissue in the endothelial 
lining which has t>een deprived of oo^gen become activated. The activatod 
endotheDal cells then synthesize selectin receptors, for example ELAM-1 receptors, 
within hours of the rolls being damaged. The receptors are extended Into the blood 
vessels where they adhere to glycoiipid iigand molecules on the surface of white 
blood oeDs. Large numbers of white blood cells are quickly captured and brought into 
the tissue sunoundhg the area of activated endothdial celb, resulting in inflammation, 
swelling and necrosis which thereby decreases the liteilhood of sunfival of the 
patient 

In addition to treating patients suffering from the trauma resulting from heart 
attack, patients suffering from actual phydcal trauma could be treated with 
fomiulalions of the invmtion in order to relieve the amount of inflammatkm and 
swelling which normally result after an area of the body is subjected to severe 
trauma. Other conditions treatable using formulations of the invention indude various 
types of arthritis and adult r^piratory cDstress syndrome. After reading the present 
disdosure, those skilled In the art will recognize other cfisease states and/or 
symptoms which might be treated and^or mitigated by the administraflon of 
fonmulations of the present invention. 
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ADDttcations of Compounds nf Fnrmula P 

The compouncis of formuia 2 are intenmedates in the preparation of 
compounds which contain a ladosyl unit. Notably, the compounds of fonmula 2 are 
useful in the preparation of compounds of formula 1 yA\ose use is descril)ed 
5 hereinatx)ve. In addition to the compounds of formula 1 , attemative compounds 

containing a lactose residue may also be prepared, such as: 

4-a-(3-0-carbonymethyl-B-^Qalactopyranosyl)-3-Q-(2R.S)-glyceryl>^ 
glucopyranose; 

4-il-(3-0-carbonyme%l-B-^alactopyranosyl)-3-G-[2FI,S)-2,3- 
1 0 dideo)v-2,3-difluoro-propyQ-^glucopyranose; 

4-Q-I3-Q-{(1 R,S)-1 -{carboxy)ethyl}-B-^alactopyranosyll-3-Q-[(2R.S)- 
glycosyQ-g^lucopyranose; 

4-Q-[3-fl-^(1R,S)-1-(carboxy)ethyl}-B-&flalactopyranosyO-^^ 
fucopyranosyO-g^lucopyranose; 

4-Q-[3-Q-(a-Neu5Ac)-B-^galactopyranosyl]-3-flr[(2R,S)-glyceryQ-&^ 
glucopyranose; 

4-Q-[3-Q-(a-Neu5Ac)-B-D-galactopyranosyll-3-a-I(2R,S)-2.3-dide^ 
2,3-difluoro-propyq-g^lucopyranose. 

Multivalent Fomfis of the Reoeptor Bindino Umnds 

The afflniV of the ligands of the inv^tion for receptor can be enhanced by 
providing multiple copes of the llgand in dree proximity, preferably using a 
scaffolding provided by a carrier moiety. It has been shown that provision of such 
multiple valence with optimal spacing between the moieties dramatically improves 
binding to receptor. For example. Lee, R. et al., fiioriifini (1984) 23:4255, showed 
that providing multivalent forms of lactose inhibited labeled ASOR binding to 
mammalian hepatocytes much more effectively when the lactose was supplied as a 
multivalent entity, the ICso dropped from 500 jtM for a single valent lactose to 9 for a 
divalent lactosyl compound to 4 for a trivalent latSosyl compound, and witti ideal or 
optimal spacing between the ttiree lactose mcrieties to 0.007 iM. 

The muttivalency and spacing can be controlled by selection of a suitable 
carrier moiety. Such mdeties include mdecular supports which contain a muttipOcity 
of functional groups that can be reacted vtith functional groups associated with the 
ligands of ttie invention. A particularly preferred approach involves coupOng of the 
lactose-derived ligands of ttie Invention to amino groups of the carrier ttirough 
reductive amination. Reductive aminaUon te a particularty convenient way to couple 
aldehyde moieti^ to free amino grou(» by first forming ttie StMf base and then 
treating tfie conjugate witii a reducing agent such as a hydride reducing agent 
Typically, ttie amino group-bearing carrier is mixed witti ttie carbohydrate moie^ at 
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about pH 9 and allowed to form the Schiff base; the solvents are ^icaily 
evaporated and reducing ag«it added at high pH to complete the reaction. 

Particutaily convenient canfer moieties to otjtain multivalent forms of the 
Invention ligands include proteins and peptides, particularly those containing lysyl 
re^dues which have e-amino groups available for binding. It is also useful to include 
in the peptide or protein at least one tyrosine r^idue, as this offers a convenient site 
for labeling, for example with radioactive iodine. A particularly conveniait carter to 
obtain a trivaient couple Is the peptide Lys-Tyr-Lys. Complete reaction of the 
liga?$ds of the Invention with the free amino groups on this peptide result In a trivaient 
mdety. Thus, obmpounds of the Inventton of the formula 
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OH 




wherein X, and f\\ and R3 are as above defined illustrate the multivalent 
compounds of the Invention. Of coursOt a variety of carriers can t>e used, including 
proteins such as BSA or HSA, a multipiicity of peptides including, for example, 
pentapeptides, decapeptides, pentadecapeptides, and the like. Preferably, the 
peptides or proteins contain the desired number of amino acid residues having free 
amino groups in their side chains; however, other functional groups, such as 
sulfhydryl groups or hydroxyl groups can also be used to obtain stable linkages. 
For example, the cart)Ohydrate ligands of the invention may be ooddized to contain 
carboxyl groups at the redudng terminus which can then be derivatized with either 
free amino groups to fbrni amides or vidth hydnaxyl groups to form esters. 

Preparation of the Compounds of Fomfiula 1 

The compounds of the inventkm of Fonnula 1 may be synthesized using an 
intermecfiate of Formula Z The intermedate of Formula 2, in one embodiment can be 
prepared directly from D-lactose using standard procedures. In this conversion, D- 
lactose is converted to the octaacetate In crystaOine form, in over 95% yiekJ in the 
method described by Hudson, C, and Kuns, A., J Am Chem Snc (1925) ^2052. 
The octaacetate is, in tum, converted in more than 90% yield the method of 
Hudson, C. (supra) or of Fischer, E. and Fischer, H., Bee (1 910) ^2521 to the 
corresponding lactosyl bromide, also a crystalline compound. The protected lactosyl 
bromide is converted l7y the method of Jansson, K., et al., J Pro Chem (1988) 
£3:5629, In over 60% yield to the correspcmdng acytated trimethylsilyl e%l lactose, 
which can be deprotected by deacylatlon in quantitative yield to obtain 2- 
(trimethylsilyl)ethyl lactoside, 2-(trimethyisilyl)ethyl B-^aiactopyranosyl-B-D 
glucorq^ranosMe. AKemative protecting groups at position 1 of the disaccharide may 
also be used. 
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This precursor of the compounds of Formula 2 is of the fomiula: 



OH OH^ 
OH 



OH 




.OR^ 



when^n R7 is a protecting group, preferably SE or Bn or a lipophilic group 
such as a higher alkyi group (5-1 5C), wherein SE represents 
-CH2CH2SiMe3 and Bn Is benzyl. 

Reaction SchOTte 1 outlines the formation of one embodiment of the 
compounds of Formula 2 from this intermediate, where Bz represents benzoyl. 

In step 1 of the reaction scheme, the protected lactose, e.g., the 
trimethylsilyl ethyl derivative, Is treated vrith an mcess of 2,2-dimethQxypropane and 
dry camphor sulfonic add is added to the reaction mixture which is stirred for 2-3 days 
at about room temperature. A suitable base, such as triethylamlne is acUed and 
stining continued for 10-20 minutes; the mixture is then concentrated to dryness and 
the base removed. In the case of benzyl lactoslde, the method employed is that of 
D. Beith-Halahmi et al., Cart^ohydr. Res.. (1967) 5,^25, wherein benzyl lactoslde is 
boiled for 3^ hours in a large excess of dry acetone containing 4-toluene sulfonic 
add. The reaction mbcture is worked up using standard procedures to recover the 
product fijJz (oris). This intermediate is then benzoylaled under suitable 
concfitions using, for example, benzoyl chloride to obtain the intermediate compound 
shown in reaction scheme as 7 a. b (or 20). 

The intermediate 7a.b (or 201 may then be further derivatized at the free 
hydroxy! at the 3-posltion of the giuooskte residue or this position may be protected 
and the compound depratected at positions 3 and 4 of the galadosyl residue and 
further derivatized at position 3. Position 4 of the galactosyl resklue is reiativeiy 
unreactive. A typical scheme for utilization of this key intermediate 7 a. b for 20^ is 
shown in Reaction Scheme 2A. (In this scheme, Bz is benzoyl (PhCO-) and Bn is 
benzyl (PhCHg-). 
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Reaction ^Qhem i 

9" >0H ^OH 




HO-i^-— Ho\*-— t^\^OR^ 
OH OH 

Step1 I 5liR7=Bn 



I 



1IR7 = CH2(CH2)6CH3 



H3?^o\i^^^°Ho£^^^OR7 
OH OH 



Step 2 



I 



6bR7 = Bn 

iaR7 = CH2(CH2)6CH3 



OBz ' — ' OBz 



ZaR^ = SE 
ZbR^ = Bn 

2QR^ = CH2(CH2)6CH3 
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Reaction Sc hem 2A 




r°^n 10bR7 = Bn 

OBn 22 R7 = CH2(CH2)6CH3 
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Reaction Scheme 2A (continued) 

OBz I OBz 

HaC-r^OBn llaR;=SE 

fOBn 
OBn 



I 



23. R^ = CH2(CH2)6CH3 



o o 

OBz I OBz 
H»C'7 ~'Q L OBn 



12aR7 = SE 
32bR7 = Bn 



pBn 2^ R7 = CH2(CH2)6CH3 



OH JOH ^OH 

-O. ^.T-i^^Q 




NaOaSoX^-^'V*^^ 0.^^^.-^.^0R7 



O- 

OH I OH 

O^OH iapR^=SE 



HaC 

OH 



lab R^ = H (ocp) 

2& R7=CH2{CH2)6CH3 
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As shown in Reaction Scherne 2A, the Intennediate 7a.b (or 20) is - 
converted in two steps to intemnecfiate 10 a. b (or 22) by treatment under suitable 
conditions with protected methyl 1-thio-L-fiiooside. The reaction is conducted in a 
nonaqueous aprocHc solvent In the presence of cuprfc bromide, tetrabufylammonium 
bromide and molecular sieve. IS. Sato, et al,. Carbohvdr Rf^ (iQRfi) jg^-rft) jhe 
resultant compound shown as 10 a. b is then s^edively acetylated at position 4 of 
D-gala(topyranosyl residue by the way of its 3,4- orthoester, according to literature 
procedure, without isolation of the intermediate (R.U. Lemieux and H. Drigwez, JL 
Amer, Qherrin Sor, (1975) gZ:4069) to give intennedlate llaJ^ (or 23)- Sulfation of 
IntemnecBate 11 a.b (or 23) produces intennediate 12 a. b (or 2^ which Is deacylated 
and hydrogenated to yield the final product 13a.b (or 2jED> a sei^n l^d. 

In another embodiment of the instant invention, shown in reaction scheme 
2B, intennediate 11a. b or 23 may be phosphorylated to yield intermediates 14a. b 
QUi respectively, whic^ upon deacylation and hydrogenation yields the final product 
ISfliborc. These compounds would be expected to act as selectin tigand. 

In another emtxxlimmt of the instant Invention, shown in reaction scheme 3, 
Intemrjediate ^ generated via intennediates 2Z and 28 from 12, may be sulphated or 
phosphorylated to yield intermediate 3DajQdL respectively which upon deacylation 
and hydrogenation yields the final product 31flJiLiL respectively. These compounds 
would be expected to act as a selectin ligand. 
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R action Scheme 2B 

QAc^OBz^ ^^OBz ^ 

OBz I OBz 

H,(r7 ~-0 L OBn 
foBn 

OBn I llaR7 = SE 

:CH2(CH2)6CH3 



Ilia = I 
llbR7 = 
^ P7 = { 



OBz I OBz 

H3C-T— £^OBn 
fOBn 

OBn 14 R' = C6H5 0rC6H5CH2 

14aR^ = SE 
llfeR7 = Bn 

14c R^ = CH2(CH2)6CH3 

(Rfio)20Po\.,--V-^° oA^— ^-VoR^ 

OH I OH 

H,C-T jO L OH 

\^ IS R8 = Na 

1SaR7 = SE 
15bR7=H(o^) 
ISfi R^ = CH2(CH2)6CH3 
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R action Scheme 3 
IS 

(gC^^O ^OBz \ _rO^Q 

OBz OB2 
2Z 

tR7 = CH2(CH2)6CH3 

OBz ^ OBz 
21 



I' 



s CH2(CH2)6CH3 



OAc OBz ' -OBz 




OBz OBz 

1R7 = CH2(CH2)6CH3 

YO^i^^'te^&^^O"' 
OBz OBz 

3fi R7 = CH2(CH2)6CH3 

I3BiY = S03Na 
3QbY = PO(ONa)2 

T- ..w.. -.OH 

-O ^T*S^Q 




OH • OH 
31 

ai R^ = CH2(CH2)6CH3 
31aYaSOtNa 
31b Y = POfONa^o 
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Compounds of the Invention and Prefemed Embodiments 

As used herein, all(yl (1-6C) refers to a saturated straight or branched chain 
or c^ic hydrocart)/! residue containing 1-6C; lower alky! is similarly defined but 
containing only 1-4C, higher alkyi is similarly defined but containing 5-15C. 

As used herein, alkylaryl is of the formula (CHgU-Ar wherein m is 1-10 and 
Ar is a mmo- or bicydic aromatic re^due optionally containing one or more 
heteroatoms. Typical embodiments of Ar indude phenyl, naphthyl, quinolyl, pyrldyl, 
pyilmidinyl, benzthiazoyi, benzimidazpyl, and the like. 

R7 a protecting group or a lipophilic group suitable for saccharide 
residues. Typical protecting groups indude benzyl, benzoyl, various silylalkyi 
groups, such as trimethylsilylethyl (SE), and the like, and lipophilic groups such as a 
higher alkyI group (5-1 5C) as defined above. 

Exemplary compounds of formula 1 of the invention are those wherein R3 is 
SO42-, PO^, or other similar charged moiety. 

Adcfitional exemplary compounds of formula 1 include those wheroin X is: 

6-methyl-3,4,5-trlhydrDxypyran-2-yl, 

&-acetyl-3,4.5,trihydrQxypyran-2-yl, 

6-propylamido-3,4,5,trihydroxypyran-2-yl, 

6-propylamido-2,3,4-trimethoxypyran-2-yl, 

6-ethyl-2,3-dihydroxy-4-methoxypyran-2*yl, 

6-N-ethylamlno-2-hydroxy-3,4-ethoxypyrBn-2-yl, 

3,4,5-tri-n-propyloxypyran-2-yl, 

3,4,5-trihydroxypyran-2-yl, 

2.3.4- trimethoxyfuran-2-^, 
2,3-dihydroxy-4-methoxyfuran-2-yl, 
2-hydrQxy-3,4^thoxyfuran-2-yl, 

3.4.5- tri-n-propyiQKyfuran-2-yl, and 
3,4,5-trihydroxyfuran-2-yl; 

or wherein both Rs and are H and all Ri in X are H or methyl; 
or wherein X is 2,3,4-trihydrDxybenzoyl, 
or wherein X is H. 

Thus, particularly pref enned compounds of fbmoula 1 are those wherein all Ri 
are H or methyl, Y is H. OH, OCH3 or OAc; and/or X is -CH2(CHOH)3H, 3,4,5- 
trihydroxypyran-2-yl, 3,4,5-trlhydroxy-6-methylpyran-2-yl, 3,4,5-trimethoxypyran-2- 
yl, 3,4,5-trimethoxy-6-methylpyran-2-yl, 3,4,5-trihydrDxyfuran-2-yl, 3,4,5- 
trimethoxyfuran-2-yl, 2.3,4-trlhydraxybenzoyl, or 2,3,4-trihydraxy-naphthoyl; and R3 
is S04^, PO^^, or other sinrilar charged moiety. 

Most preferred of the compounds of formula 1 are those wherein an Ri are 
H, R2 is H, or -CHaCCHjJeCHa, Y Is H. OR1, or tower alkyi. 
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For those compounds of fonriula 2 which represent inteimedates prefened 
fonns are those wherein the protecting groups represented tiy Rs are t)enzyl or 
t)enzoyl, the protecting group represented t)y FP is trimethylsitytethyl or benzyl, or a 
iipophnic group such as a higher alltyi group (5-15C). and vi^rein Yi is H. 0R« 
wherein Ro is trenzyl or benzoyl as set forth above, and where the free hydraxyl 
group{s) is at position 3 of the glucosyl moiety or positions 3 and 4 of the galactosyl 
moiety. An adcfitional prefened protecting group for positions 3 and 4 of the 
galactosyl moiety is isopropylidene. 

The following examples are intended to illustrate but not to limit the 
invention. 

gxamntel 

Preparation of 2-rrrimethvLslM^ ethvl g.6.ri}.Q.ben7nvl.4.f>./9 6-di.Q-hflnyfyl.a iU 
Q-iSOProPVlldene-B-D-oalantoDvranQSvlWB-olueonyrannRirift (7^) 

2-(rrimethylsilyO ethyl 4-0-(3.4-0-lsopropylidene-B-D-galactopyranosyl)- 
B-D-glucopyranosWe (K. Jansson et al., J. Org. Chem. (1988) 53: 5629-5647; 6.6 g, 
1 3.75 mmoO was dissolved in diy pyridine (120 mL). the mixture was cooled to - 
45»C and stirred, while benzoyl chloride (9.07 mL, 77.4 mMol.)was added dropwise, 
and stirring was continued for 4h at •45'*C. 

T.I.C. (8.5:1.5 trtuene-ethyl acetate) revealed the presence of a major 
product taster-mlgiating than the starting acetal. A smaH proportion of a still fester* 
migrating product (pentabenzoate) was also revealed by tl.a The mixture was 
poured into ice-water and extracted with dlchloromelhane. The (fichloromethane 
solution was successively washed with water, aqueous NaHCQa . and water, dried 
(N^04), and concentrated. The concentrate was applied to a column of silica gel 
with 9:1 tohiene-ethyl acetate as the eluent and gave a solid which crystallized from 
methanol to afford Za (5.2 g, 42.3%). [ab+17.5 (c, 1.1. chtorofonn). i3C NMR 
(CDCW: 5 167.16. 166.13. 165.87. 165.83 (4x F»hCO). 111.23 (G(CH3)2). 101.50. 
100.24 (C-1, C-n 8257, 77.02 (C-3'. &4). 73.65. 7144. 73.01. 72.96. 72.06. 
71.97 (C-5, C-5', C-4', 0-3, C-2. C-2'), 67.21 (QCH2CH2SI). 63.69. 62.72 (&6. C- 
6'). 27.62. 26.28 [C(CHa)2l. and 17.75 (CHaCUaSI). 

Example 2 

PrBoaraBon of BenTvl 2.6-dl-<M)enzovl-4-0.f9 fi ^i.o.hRnyny| .,q,4^ 
isODrDDvndenB-B-t><iaiaetDmmno8wlVB-P^liif< ODtfrant« (7ft ) 
A sdrred and cooled (■45»C, bam) sdutfon of benzyl 4-0-(3.4-0- 
lsopropylidene-fl-D-galactopyranosyl)-6-D-glucopyranoside ( 5 g, 10.6 mmol; D. 
Beith-Halahml et al., Carbohydr Res. (1967) 5: 25) in dry pyridine (120 mL). was 
treated witti boizoyl thkxUto (6 mL, 51 .8 mmoi), dropwise, and the stirring was 
continued for 4h at •45't;. TJ.C. (8.5:1 .5 toluene- ethyl acetate) revealed the 
presence of a mcjor product, foster-mtgrating than the staribig ac^. A smaB 
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proportion of a sHIl faster-migrating product (pentabenzoate) was also revealed by 
tl.a The mixture was poured Into lc&-Water and extracted with dichloromethane. The 
dichloromethane solution was successively washed with water, aqueous NaHCOs . 
and water, dried (Na2S04). and concentrated. The concentrate was then applied to a 
column of silica gel and eluted with 9:1 toluene^ acetate. On concentration, the 
fractions conesponding to the major product gave a solid residue which crystallized 
from hot methanol to afford m (5.53 g, 59%); m.p. 159-16rC; [ah -42° (c, 1.3. 
chlorofonn). iH NMR (CDCy: 5 82-7.00 (m. 25H. arom.), 5.36 (t. 1 H, J 7.8 Hz. H- 
2'), 5.30 (dd, IH, J 8.0; and 9.5 Hz, H-2), 4.68 (d. IH, J 8.0 Hz, H-V). 4.56 (d IH J 
8.1 Hz. H-1), a94 (dd. IH. J 8.2 and 9.6 Hz. H-3). 3.75 (dd, 1 H. J 8.2 and 9.7 Hz.' 
H-4). and 1 .65 and 1.35 12s, 3H each. C(CHa)2 1; »»C NMR (CDCb): 8 167.16, 
166.17. 165.90, and 165.86 (4x PHCO).111.86 (QiCH^, 102.10, 99.49 {C-^. O 
1'), 82.99(0-4). 77.60 (C-3'). 74.02 ((M"), 73.60. 73.50. 72.66 (C-2. C-2.'C-3. 06' 
C-5'). 70.73 (PhCHz ). 64.29 and 63.20 ( C-6. C-60. and 2856 and 26.88 [ 
(CH3)2C]: positive ion LSIMS: 889.7 (M+H)*, 781.6 M-OBn)* , negative ion LSIMS- 
934.1 (M+NQa)-, 1041.1 (M+mNBA)-. 

Examriefl 

Preparation nf BenTvi ?..6^-o^yr»f\ .s^9^\A.*^ ^J^J^^^ 

fUM[WrHn0SVn-4-n-rP6-d|.O.hPnynv!.,^ .4-O-lsnnmpy|j Hftnfl-ff-|r 
oalactnnyfanf^ffYj)^r>n|iinnpy ^nosiriB fff ^) 

A mixture of compound 2h (4 g, 4.5 mmd), methyl 2A4-trM>benzyl-1-thio- 
ocL-fucopyranoslde fl (ae g, 7.75 mmol) and powdered 4 A molecular sieves (1 0 g) 
In 5:1 d!chloroethane^g.N-dimethytfomriamide (120 ml), protected from moisture was 
stirred fbr2h at room temperature. Cupric bromide (2 g. 9 mmd) and 
tetrabulylammonium bromide (0.29 g.o.9 mmoO were added and the stirring was 
continued for 35h at room temperature. More of the donorfl (^2g. 2.6 mmol. in 14 4 
mLof&l <«cWoroethane-N.hMlmelM«>m«mlde),ajprfcbro^^ 

and molecular sleves4A(2g) were added, and the sUrrfng was continued for 16h at 
room temperature. TJ.c. (9:1 toluene^yl acetate) then showed the presence of a 
major prcxluct. faster-migrating than 2te a trace of unchanged 2l2 was also revealed 
by tl.c. The mixture was filtered (a bed of Celite) and the solids thoroughly washed 
with chloroform. The filtrate and washings were combined and washed with aqueous 
NaHCQs and water, dried and oonoentrHied. The residue was applied to a column of 
sBka gel and eiutad wHh 9.5.-0.5 toluene^yl acetala Concentration of the fractions 
conesponding to the major product fumlshed a soOd . which crystallized from ether to 
afford aU (3.68 g. 76%). based on reacted 2h. Compound 9b had m.p. 180-1 81 "C- 
lab -8° (c. 1 .1 . chlorofbnn). iH NMR (CDOg): 6 5.48 ( dd.1 H. J 9.3 and 7.9 Hz. H- * 
2"), 5.40 ( d, 1 H. J 3.8 Hz, H-1 fuc). 5.22 ( dd. 1 H. J 8.6 and 7.3 Hz, H-2). 4.49 (d 1 
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H. J 8.6 Hz, H-1), 4.42 ( d, 1 H, J 7.9 Hz, H-l'). 3.90 ( dd. 1 H, J 10.2 and 3.8+iz, H- 
2 fuc). 1 .49 and 1 .35 , ( s, 1 H each, C(CH3)2). and 1 .29 ( d. 3 H, J 6.6 Hz, H-6 fuc); 
13C, (CDCI3): S 166.86-165.22 (4 x PhCO), 1 1 1.44 IQCCHa^. 100.84, 99,80 (C- 

I, C-n, 63.17, 63.01 (C-6,C-ff), 28.35, 26.86 [CCGHa)^. and 17.48 (C-6"); positive 
5 , ion i^ll\4S: 1 1 97.9 (M-OBnK negative ion LSIMS: 1 350.2 (M+NQ2)- , 1 457.3 

(M+mNBAh 

Example 4 

Preparation of 2-rrrimethv1slM^ ethvl 2.frdi-0-t)enzovl-3-(X2.3.4^tri-0>benzyl-ft> 
L>fuMPvranosvtW-0-(2.6^i>Q-benzQvl-3.4-Q>isoDrDDvlidene-B>P- 

qalactopyranosYlVB-P-qlucQpyraQside f9a) 
A mixture of compound (5.2 g, 5.78 mmol), compound (4.68 g,1 0.1 7 
mmol) and powdered 4A molecular sieves (6 g). In 5:1 dichioroethane-N,N- 
dimethylformamide (1 35 mL), protected from moteture, was stined for 2h at room 
t^perature. Cuprfc bromide (2.6 g, 1 1 .7 mmol), and tetrabu^ammonium bromide 
(3.77 g, 1 1 .7 mmd) were added , and the stining was continued for a total of 48h at 
room temperature, addtional amounts of fi (2.34 g, 5.09 mmol, in 60 mL erf 5:1 
dchloroelhane-N,N-dimethylformamide), cupric bromide (1.3 g, 5.85 mmoO, 
tetrabutylammonlum bromide (1 .9 g, 5.85 nrunol) and 4A moleojlar sieves (3 g) being 
added after 24h. TJ.a (9:1 toluene- ethyl acetate) revealed the presence of a major 
product, faster-migradng than Z& Some unreacted Za was also revealed by tl.& After 
processing as described for 7b (to give Ob), followed by column chromatography, 
compound^ (6.7 g, 88%) was obtained as an amorphous solid; positive ion 
I^IMS: 1442.6 (M+Na)^ , 1340.8 (M-NaSOs)^, negative LSIMS: 1396.2 (M-Na)- . 

Examples 

Prmaratiryi of Bengyl 2.6-dl-0-benzovl-3-CW2.a.4^tri-Q-b6n7ylTt>L- 
hicoriyranosvlW4-Q-^2.e-dl-Q-ben2Qvl-B-D>aalartririv 
glucopyranoside flOb^ 

30 Compound St (1 -0 g) in 70% aqueous acetic add (600 mL), was stirred at 

85-90''C, the progress of the reaction b^ng monitored by Ll.c.(4:1 toluene - ethyl 
acetate). After 2.5h, most of the starting acetal was converted into a ^ower- 
migrating product TJ.C. also indcated some deavage of the a-L-fucosyl linkage, as 
evidenced by the presence of two by-products, one of which was marginally faster- 

35 migrating than the product (tribenzyi fucose), and the other slower-nitraling 

(disaccharide product). The acetic acid was evaporate under diminished pressure 
("^O, the last traces being removed by co-evaporation with several added 
portions of toluene. The residue so obtained was purified in a column of silica gel with 
9:1 toluene-ethyl acetate as the du&it to ^e iSSl (0.6 g, 61 .8%), as an amorphous 

40 solid. 13C NMR (CDCI3): 8 167.25. 166.80, 165.23 (4 x PhCO), 100.65, 99.85 (C-1, 
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C-l"), 98.18 (C-1 fuc),79.55, 79.08 (C-3, 04), 75.77. 73.20, 72.97, 70.30 (4x- 
PhCH2), 63.38, 62.33 (C-6. C-6'), and 17.16 (C-6 fuc): positive ion LSIIWIS: 1263.7 
(M+H-2H)*, 1 157.7 (M-OBn)+ negative ion LSIMS: 1417.1 (lyfl+mNBA)- . 1310.3 
(M+NQz)-. 1263.2 (M41)-. 

Examples 

Preparation of 2- rrrimethytsilyH ettiyl 2.6-di-0-benzo vl-3-0-/2.a.4.tri-0-hftn7vl.ft. 
L-fucoDyranosyh-4-0-f2.6-dl-0-benzovl-B-D-Qalactonvrannsyl).n.n. 
alucoDvrahoside MQa^ 
Compound ^ (3 g, 2.3 mmol) was taken in 70% aqueous acetic add (300 
mL) and the mixture was heated, with sHrring, for 2h at 85-90 (tath). TJ.c. (4:1 
toluene-ethyi acetate) showed the presence of a major product with chrematographic 
mobility comparable to that of Jflb. Processing as described for 9b ( to givelQb ). 
followed by ccdumn diromatography, gave trisaccharide diol 10a (2.3 g, 79%) as an 
amorphous solid; [ob -20.6° (c 1.1. chlorotorm). 

ISC NMR (CDCia): 8 167.26. 166.98. 166.78. 165.04 (4 x PhCO), 101.31, 100.55 
(C-1. C-l-). 98.19 (C-1 fuc). 79.56. 7BM (03. &4). 75.75. 73.19. 72.98 (3 x 
PhCHz). 67.84 (QCH2CH2S0. 63.48. 62.19 (C-6. Off), 18.45 (OCH2CH2Si).and 
17.16 (C-6 fuc). 

Example 7 

Preparation of Benzvl g.e.dl-Q.ber>zo»rt.4.0./4.0.flnflM.{ >.fi-di.Q.tieri7nvlAfV 
QalactOPvranosvlV3-0-f2.3.4.tri-Q-berizvi.tt-L-fiiflnnyranngyl). 

B-D-olucopvranoside tUtii 
Compound Iflb (0.56 g) was (fissolved in a mixture of benzene (30 mL) 
and triethytoilhoacetate (30 ml^. containing 4-tpluenesulfonic add (0.15 g). and the 
mixture stined for 1h at room temperature. The add was neutralized with a iittte 
triethyiamirie. and the mixture evaporated to dryness. It was then takm in 80% 
aqueous acetic add (50 ml4 and stined for 40 min at rown temperature. T.l.a (4:1 
toiuene-ethyt acetate) showed the presence of a major product.faster-mtgrating than 
diol iSt' The acetic add was removed under diminished pressure, and several 
portion of tohjme were adcted to. and evaporated from the re^due to furnish lib 
(0.56 g. 96.6%) as an amorphous soHd, [ab -1 4.3° (c.1 .1 . chtorafonn). W NMR 
(CDOs): S 8.20-7.00 (m. 40 H. arom.). 5.51 (t, 1 H. J ao Hz. H-2'), 5.38 (d. 1 H. J 
3.8 Hz, H-1 fuc), 5.30 (d, 1 H. J 3.8 Hz. H-4'). 5.20 (dd, 1 H, J 8.1 and 10.0 Hz. H-2), 
4.62 (d. 1 H, J 8.2 Hz, H-1). 4.44 (d, 1 H. J 7.9 Hz, H-l"), 1.82 (s. 3 H, QH^CO). and 
1 .34 (d. 3 H,.J 6.4 Hz, H-6 liic). i3C NIWIR (CDCI3): 8 170.38 (CH3CO), 166.15, 
165.72. 16557, 164.56 (4 x PhCO), 100.45, 99J23 (C-1. C-l"), 97.54 C-1 fuc), 
79.48 (C-3). 77.57 (C-4), 74.08, 7Z94, 72.70, 70.15 (4 x PhCH2), 62.54. 60.78 (C- 
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6, C-6'). 20.59 (fiHaCO), and 16.88 (C-6 fuc); positive ion LSIMS: 1307.1 {N4+H)*), 
1200.8 (M-OBnh, negative ion LSIMS: 1460.9 (M+mNBAh 1353.6 (M-hNOz)-. 
1306.8 (IWI-H)-. 

faWPPteS 

Preparation of 2-fTrimethvlsilv» ethvl 2.6-di-<>benzovM-0-(4-C>>acetvl>2.6>di-0- 
ben2Qyi>B-D-gaiactQPyranosv»-3>Of2.3.44ri-Q-benzyl> 
a>L-fucoDv ranosvlVB-D-QalactODvranoslde nia^ 
A solution of compound 11^ (1 ^7 g), in a mixture of benzene (50 mL) and 
triettiyl orthoacetate (50 mL), containing 4^uenesulfbnic add (0^ g) was sUned for 
1h at room temperature. The add was then neutralized with a few drops of 
triethylamine, and the mixture evajsorated to dryness. The residue was mixed with 
80% aqueous acetic add (1(X) mL) and the mixture stined for40 min at romx 
temperature. Processing as ctescribed forlil^ ( to give lib) , gave the title compound 
Hi (1 .86 g,89%); a white amorphous soGd; [ab -2.7^ (c. 1 .1 , chloroform). i3C NMR 
(CDCIa): 5 171.03 (CH3£0), 166.78, 166.35. 166.18. 165.02 (4 x PI>QO). 101.27, 
101.09 (C-1, C-n, 98.17 (C-1 fuc), 80.10. 7&20 (C-3, C4). 74.67, 73.54, 73.30 (3 
x PhCH2), 67.86 (OCHaCHzSI), 63.31. 61.42 (C-6. C-60. 21.21 (QH3CO). 18.47 
(OCHsCHaSi). and 17.53 (C-6 fuc); negative ion LSIMS: 1470.8 (M-KnNBA)-. 
1363.7 (A4+N02)-. 

gxaynpigg 

Preparation of Benzvl 2.6-di>0-benzovl-3>0-f2.3.4-trM>bengyt-ft-L- 
fucQpyranosv»-4-0-feodtum 4-0>acetyU2.6-dl-Q-b6nzQvl-B-D- 

oalactopvranosvl 3-sulfateVB-D-Qlucopvranoside M2b^ 
A mixture of compound JLLb (0.6 g, 0.46 mmoi) and sulfur trioxide-pyridine 
complex (0.6 g. 6.3 mmd) in dry pyridine (50 mL) was stirred for 2h at 55-60^C 
(bath), and then for 16h at room temperature. T.l.a (6:1 chloroform - methand) 
showed the disappearance of lib and the presence of a single slower-migrating 
procftjd. Methand (5 mL) was added, and the mixture stirred for 15 min (to 
decompose excess reagent). It was then concentrated and purified in a cdumn of 
silica gel t>y elution with 10:1 , followed t3y 6:1 chlorofomrHnethand. On concentration, 
the fractions corresponding to the product gave a sdid residue, which was (fesoived 
In 1 :1 chlorofbrm-methand (30 mL) and treated with Amberfite IR 120 (Na^) cation- 
exchange resin, and the mixture stirred for 1h at room tmperature. It was then filtered 
and evaporated to dryness to give 12b (0.58 g, 89%) as an amorphous solid; [ab - 
S.V (c 1.8, 1:1 chlorofonn-methanol) ; positive LSIMS: 1433 (M+Na)+, 1411.1 
(M+H)^, negative LSIMS: 1563.9 (M-i-mNBA)-, 1386.7 (M-Na)-. 
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Sample 1Q 

Preparation of 2>rrrimethvlsilvl^ ethvl 2.&-di-Obenzovl-3-Q-f2.3.4^t ri>Oben7yt>cf 
L-fucQDvranosvn-4^r sodium 4-0-acetvl-2.6<li>ObenzQvl-B>[>q alactopvranQsyt 

g-sufeteVB-MucQpyranosMe f12a) 

A mixture of compound U& (0.45 g, 0.39 mmol ) and ^Hur trioxide-i^dne 
complex (0.45 g, 4.7 mmol) in diy pyridine (25 mL) stirred for2h at 55-60^C» and 
then overnight at room tmperature. After processing and purification, in a manner 
similar to the afore desoibed, compound 12a (0.46 g, 95.8% ) was obtained as an 
amorphous solid; [ab +2.2^ (c,1.5, 1:1 chioroform-methanol); positive ion LSIMS: 
1442.6 (M+Nah 1341.1 (M-NaSQah negathfe ion LSIMS: 1395.5 (M-Na)- 



Example 11 

Preparation of Q-ii-L-fucopvranosvl-f 1-»3)-0-rsodium B-[>Qalacr opvranosyi 
3-sulfate>ri^^l-D-qtucQpyranose MabV 
Compound 12h {0JS8 g) in methanol (50 mi^, containing a catalytic amount 
of socfium methcDdde, was stirred overnight at 45^. T.I.C. (13:6:1 chlorotorm- 
methanol-water) showed the presence of a single slower-migrating product After 
cooling to room t^perature, Amberiite IR 120 (H+) cation-exchange resin was added 
tin the mixture became neutral (pH paper). It was then filtered directly into a flask 
containing AmberiRe IR 120 (Na^) catiorv^xchange resin, and the mixture stined for 45 
min. It was then concentrated, and the residue repeatedly extracted vrith hexane- 
ether mixture to remove methyl benzoate. The partially-protected intermediate so 
obtained (0.38 g,) was suffldently pure to be utilized direcUy in the next step; 
negative ton LSIMS: 928.1 (M-Nah A portion (0.35 g), without further purification, 
was taken In 80% aqueous methanol (30 mL), obtaining 10% pailadium-on*cartx>n 
0.35 g). The mbdure was stirred ovemight at room temperature under a slight 
overpressure of H2 > when Ux. (5:4:1, or 13:6:1 chlorofbnmHfnethanol-waler) indicated 
tiie presence of a slower-migrating product, together with traces of some faster- 
migrating contaminants ( presumably due to incomplete hydnogenoly^s). The mixture 
was filtered ( Celite bed) directly onto Amberiite IR 120 (Na-**) cation-exchange resin, 
and the solids thoroughly washed with aqueous methanol. After stirring with the resin 
for 1 h, the mixture was ntered and ooncavtrated to a small volume, which was 
applied to a column of silica gd aiKl etuted witti 5:4:1 chlorofomrHnethanol-water. 
Fractions corresponding to the product vt^ere pooled, concentrated to a small volume 
and treated with Amberiite IR 120 (Na^) cafion-^cchange resin. The resin was filtered 
off and washed with wat^, and the filtrate and washings comUned, refiltered ( 02 
(iM Cellulose acetate syringe filter), and lyophilized to glvel^ , (183 mg, 84.3%; 
[ab -20£'' (c, 0.6, water). 1 H NIMR (P2O): S 5.45 [d. 1 H, J 4.13 Hz, H-1 fuc (B)], 
5.39 [d, 1 H, J 3.81 Hz, H-1 fuc (a)], 5.18 (d, 1 H, J 3.81 Hz, H-1), 4.66 (d, 1 H, J 
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7.93 Hz. H-IO. 4.55 [d, 1 H. J 7.62 Hz, H-1 (8)1; negative Ion LSIMS: 567.5 (M-Na)- 
,421 (M-Na-Fuc)-. 

&ffimi?l9l2 

Pfeparation of 2-CT rimBlhvlsilvl ettwl 0-a-L~fucootffa nosvl^1->.qwvf !enri^llfT ^. 
B-D-Qalactopvranosvl 3-sulfat6-f1-»4^1-R.[>-nlii ftoDvfanQsifte /iaa) 
Compound 12a (0.45 g) was 0-deacylated In methandic sodium methoodde 
(50 mL). exactly as described forlQ. to afford the corresponding partially benzylated 
intennediate (0.29 g), which showed positive ion LSIMS: 983.9 (M+Nah . 882.1 (M- 
NaSQa ). negative ion LSIMS: 938.0(M-Na)- . This compound (024 g) withajt any 
further purification, was subjected to catalytic hydrogenolysis in 80% aqueous 
methanol (30 mL) In the presence of 10% pailadiunhon-cartwn (0.24 g), and then 
processed In a manner analogous to the afore d^crib^ to afford compound 13a 
(125 mg, 72.7%), as a white fiufly material; [ab -49.2« (cO.6. water).iH NMR (DjO): 
5 5.45 (d, 1 H, J 4^ Hz, H-1 fuc), 4.55 (d,1 H, J 8.06 Hz, H-l'),4.49 (d, 1 H, J 8,44 
Hz.H-1), 4^ (dd. 1 H. J a45 and 9.98 Hz. H-S*); positiva ion LSIMS: 713.8 
(M+Na)* , negative Ion LSIMS: 667.6 (M-Na)- . 

Example 13 

PreparatiGn of a Mllltivalent Upanri. N.fiN fiN' THq I 9D\ Lvs-Tyr-I y ^c 

Con^KMind 13a or 12b. prepared in Example 12. may t)e derivatlzed to the 
peptide Lys-Tyr-Lys to olitaln the trivaient omjugata derlvalized at the two e-amino 
lysine groups and the oc-amino N-temtinal of the p^de. To (Main this trivaient 
compound, 50 ^1 of 2 mM peptide Lys-Tyr-Lys (100 nmol) in 100 mM sodium 
caitonate. pH 9, are placed in a small Eppendorf \ube containing 5 mI of 200 mM 2Q 
(1 mmoO. and the sample is evaporated to (byness in a SpeedVac for about 30 
minutes. 

After evaporation, 50 ^1 of 800 mM NaCN BHs (recrystailized. 40 |imoO in 

100 mM socfium carbonate. pH 9, is added and the mixture is Incubated for 48 hours 

at 55*0. The resulting incubated mixture is run on a GPC peptide HPLC ^zing 

column and fradicOTs are collected and assayed for protein content by BCA proton 

assay. Protein-containing frsffitlons are pooled, lyophilized and submitted for mass 
spectroscopy. 

The results would show the formation of the derivadzed peptide as 
containhg 1 , 2 or 3 moieties of compound 13a or13fa. 

The trivaient derivative would be espedaily effective In inhibiting the 
binding of lactose to hepatocytes In an assay conducted as described by Lee, R. et 
aL. fiiQCbsm (1984) ffl^4255. 



29 



wo 95^1180 



PCr/US95/01295 



Example 14 

Preparation of QcM 4.0.^9 3 4.6-tfitra.0.arPtYf4^n. 

qala(aQDwanosvlV2.3.6-tri-<>aceM-B.Dni.innpyrqnf?^i^ft f 1 7) 
A mixture of n-octanol (20 mL). silver oxide (10 g), and dririte (25 g) In 1:1 
benzene^ther (250 mL) was stirred at room temperature, under anhydrous 
conditions, for Iti. Acetobromolactose (1£, 25 g, 35.7 mmol) was added and the 
mixture was stirred overnight at room temperature. The solids were then filtered off 
over a cellte bed and washed with chtoroform. The filtrate was concentrated, hexane 
(4 X 50 ml) was added to the product and decanted from the residue and the erode 
was purified on a silica gel column (3:1 followed by 2:1 hexane-ethyl acetate) to 
yield IZ (15.8 g, 59%), as an amoiphous white solid. An analytical sample was 
crystallized from dichloromethane-ether- heptane; m.p, 83-85o C ; (oJd -14.7o (c 1.1 
chlorofomfi), tl.c. (1:1 ethyl acetate-hexane). i3C NMR (CDCI3): 5 170.41-169.10 
(CHaSO). 101.05. 100.58 (C-1. C-V). 76.34 (C-4). 70.21 [OCHzWi^. 62.10, 
60.85 (C-6, C-6'). 31.79-22.64 [(CtyeCHaJ. 14.09 (CH3); negative I.SI1V1S: 901.8 
(M-H+mNBA)-. 747.8 (M-H)-, 705.7,663.7, 621.7 (M-Ac, 2Ac, 3Ac. respectively); 
posttive LSIMS: 771.9 (M+Na)« 



Example 15 

Preoaration of Octvl 4-0-fl-D-pilfl^ nwannsy| - 
B-D-ahieonvianosldfl Mft) 
Compound IZ (30 g) was dissolved In dry methanol (150 mL), containing a 
catalytic amount of sodium methoxide, and the mixture was stin-ed at room 
temperature. In about 30 minutes, crystalliz-ation of the deacetylated material 
ensued, and the mixture was stirred overnight at room tanperature The base was 
neutralized with glacial acetic add, and the crystalline material was filtered and 
washed with a mixture of melhanol-ethanol and difed in air and then In vacuo to yield 
m (15.2 g, 83.5%); m.p. 170-1810 C ; [ab -10.90 (cl.O, methanoO. tl.c. (13:6:1 
chloroform-methanol-water or 32:1 ethyl acetate-propanol-water). lac NMR 
(DMSOKle): 8 104.20. 102.89 (01, C-l"), 81.15 (C-4), 69.10 lOQd2(C»^^. 60.88. 
60.77 (C-6, C-6'). 31.64-22.48 [(Siti^CH^. and 14.34 (CHg); negative LSIMS: 
453.4 (M-H)-. An adcBUonal amount of lfi(1 .6 g) was obtained after deionization and 
conoentialion of the mother liquor (total yield 92%). 
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Example 16 

Preparation of Octyl 4-0-f3.4-OisQProDvlidene-f^D- 
galactopyranQsylVB-D-glucopyranoside (19) 
MethgKi/a>: A Mixture of IS (5 g) and camphorsulfonic add {Q2 g) in 2^2- 
5 dimethoxypnopane (200 mL) was stirred for 48h at room temperature. The add was 

neutralized vrith trietfiylamine and the mixture concentrated. The residue was mixed 
with toluene artd evaporated to r^ove traces of triethylamine. TTie residue was 
taken in 10:1 methanol-water (200 mL) and bdled overnight The mixture was 
oonoentrated, and the residje oo-evaporated with ethand. Crystallizaflon from 
10 acetone-heptane yielded compound ISt (3*6 g, 66.2%); m.p. 145-1470 C; [a]o -^6.40 

(c 1 .25, chloroform), tJ.a (9:1 chlorofomrHmethanol) . i3C NMR (CD3OD): 5 1 1 1 .67 
[£(CH3)2]. 104.73 (C-1, or), 81.57, 81.41 (C-3\ CM ), 76.90. 75.91, 75.63, 75.40. 
75.02 ( C-2, 02\ C-4', 05. 05\ 71.54 [QCU2(CH2)6-). 62.98, 62.43 (C-6, C-6% 
29.04, 27.14 [(CH3)2C], 31.66-24.31 [CH2(CH2)6l. and 15.07 (CH3); negative 
15 LSIMS: 493.5 (M-H)- , positive LSIMS: 517.6 (M+Na)^. 

Method (b): A mixture of Ifi (5 g) and 4-toluenesulfonic add (1 g), in acetone (500 
mL) was t)oiled for about 4h. The acid was neutralized by the addition of 
triethylamine, and the mixture concentrated. Addition of acetone-heptane caused the 
crystalllza-tion of IS (4 g, 73^%). 

20 

EffiTnplBl7 

Preparation of Octvl 2.6Kli-0-benzovl-4^0r2.6-dl>Q-benzQvl-a.A-Q- 
lsoprppvfidene-B-QalactODvranQSvl\-fi>D-qlucoDvranoside (gn\ 

25 A solution of benzoyl chloride (8.1 mU 67.5 mmol) in pyridine (35 mL) was added 

dropwise to a solution of IS (7.5 g, 15.2 mmol) in pyridine (140 mL) at -45o C and the 
mixture was sfined for 34h at -40-45o C. The mixture was poured Into ice-water and 
extracted with dichloromethane (3 x 50 ml). The dlchloromethane solution was 
successively washed with water, ice-cold 5% aqueous H2S04. aqueous NaHCOa^ 

30 wXer, dried (Na2S04), and concentrated The cnide product was crystallized from 

methanol-2-propand (3:1 v/v) to give the desired tetrabenzoate 2Q> (8.2 g, 59.4%). 
An analytical sample was obtained by recrystallization from 
dchloromethane-methanol, m.p. 133-134.50 C; [a]o + I6.90 (cO.9, chlonofomn), tl.c. 
(8^:1.5 tduene-ethyi acetate). iH NMR (CDQa): 88.20-7.10 (m, 20 H, anom.), 5.37 

35 (t, 1 H. J 7.8 Hz. H-2'). 522 (dd. 1 H. J 8.2 and 9.5 Hz, H-2, 4.67 (d. 1 H, J 8.2 Hz. 

H-n. 4.53 (d. 1 H. J 8.1 Hz. H-1). and 1.65 and 1.35 Ps. 3 H. each. C{CH^; i3C 
NMR (CDCI3): S 166.55-165.27 (4 x PhCO). 111.24 \Q{CH^h\, 101.51. 100.95 
(C-1, C-n, 82.48 (CM). 77.03 (C-3^. 73.45 {04% 73.02, 72.89, 72.07 and 72.02 
(C-2, 02\ -3. C-5. C-5% 70.02 63.69. 62.70 (C-6. OS'). 31.64. 29.33, 
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29.14, 29.05, 25.71, and 22.55 KCbWeCHgl, 27.62, 26.27 [{QBs)^], and-14.03 
(CH3): negative LSIMS: 1063^ (M-H+mNBA)-. 956^ {hA-MO^. 

Example 18 

PfBoaration of OcM 2.6-dl-0-benzotf|.3.Q-r3 a A .tri.Q.hfin7yi-«.i . 
fuc0DvranosvlM-O-f2.6-dl-O-ben?ovl.3.4-CM soDropvllriftnB. 
B-D-galBctQDvranQsvlVB-D.QlucopvranosldB (91) 
A mixture of compound 211 (7 g, 7.7 mmoi), methyl 2,3,4-tri-O- 
benzyl-1-thio-L>fucopyranoside (fl. 6.5 g, 14.1 mmol) and powdered 4 A molecular 
sieves (10 g). in 5:1 dchionoetf)ane-N.N-€Bmeltiyl-fbmramide (150 mL), protected from 
moisture, was stirred for 2 h at room temperature. Cu|»fc bromide (4 g, 18 mmoQ and 
tetrabutyl-ammonium bromide (2 g, 6.2 mmoO were added and the mixture was stined 
overnight at room temperature. More of the donor fi (2 g, 4.3 mmol, in 12 mL of 5:1 
didiioroethane-N.N-dimethyl-fomiamide) and cupiic bromide (1.2 g, 2.6 mmol) were 
added, and the stinhg was continued for 16 hat room temperature. Themixturewas 
filtered over ceTite and the solids were thorou{^iy washed with dichloromethane. The 
filtrate and washings were combined and stirred for 15 min with 10% Na EDTA 
solution. The organic solution was separated, and this process was repeated (2 x 
10% Na EDTA followed by 2 x 5% Na EDTA solution). The organic phase was 
washed with water, dried (Na2S04). and concentrated to a Vnlck syaip under 
diminished pressure. The residue was oyslallized from ether-heptane to yield 2L 
(8.5 g, 83%). An analytically pure sample of 21 was obtained by oystaiiizaHon from 
dichloromethane-ettier, m.p. 152-1530 C; [ob +2.S«> (cl.1, chloroffonn), tJ.c. (8.5:1.5 
toluene-ethyl acetate). "C NMR (CDCI3): 5 166.24, 166.05, 164.71, 164.52 (4 x 
PhCO), 110.83 [£(CH3)2l. 101.43, 100.24 (C-1, C-1'). 97.38 (C-1 fuc), 74.89, 
72.63, 72.43 (3 x CHgPh), 70.11 [0£li2(CH2)6-]. 62.58, 62.48 (C-6, C-6'), 
31.67-22^6 [(CtyeCHal. 27.75. 26.25 HQOahC], 16.90 (C-6 fuc), and 14.05 (CHg); 
negative LSIMS: 1480.1 (M-H+mNBA)-, positive LSIMS: 1349.9 (M+Na)+. 

Example 19 

Preparation of Qctvl 2.6-di-0-benzov!-3-0-g.a.4-tri. o.bftn7vi.ff.i . 
hJCOPvranosvn-4-0-/2.fi-ril-0-hen20vl-a.4-0- isoDmrwllrianft- 
B-D-QalactopvranosylVR-D-9lucnnyrannsiriP (?p) 
A solution Of 21 (8 g) bi cMorofbrm (300 mL), oontairdr^ trtfluoroacetic add (1 8 mL) 

and water (34 mL) was stined vigorously for lOh at room temperature, ttie reaction 
being monitored by Ll.a (19:1 or 9:1 chlorc^nn-acetone). which indicated ttie 
progressive diminishing of 21 witti a simultaneous increase In ttie stower-migrating 
did 22- Some removal of the fucopyran(»yl residue also occurred as evidenced by 
the presence in Ujc of a spot migratfrig maiginally faster ttian 22 (chnomato-graphic 
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mobility identical to that of tribenzyl fucose), and a slower migrating product 
(presumably the lacioside triol). T.La also revealed the presence of a small 
proportion of undianged 2L but the reaction was terminated to avoid excessive de- 
fucosylation. The mixture was poured into ice-oold, saturated aqueous NaHCX)3 
sdution and starred for 15 min. The chloroform solution was separated and wash^ 
again imth NaHCQa solution, followed water, dried (N£^04). and concmtrated. 
The residue was purified using a silica gel column ( 5-20% ethyl acetate in toluene) to 
yield unreacted 21 (03 g)> tribenzyl fucose, and ^ (5.4 g, 69.6%) as a foam; [ab 
-20.20 (C1.1, chlorofomi). 13C NMR (CDCI3): 5 167.22 - 165.11 (4x PhCO), 102.09, 
100.60 (01, C-1% 98.20 (C-1 fuc). 79.56, 79.07 (C-3. 04). 75.77, 73.16. 72.98 (3 
x CUsPh). 70.65 [QCtl2(CH2)6], 68.41 , 67.12 (C-6, 3ZZ7 -23.16 
([OCH2(CU2)6l, 17.17 (C-6 fuc), and 14.65 (CHg). 

Example 20 

Preparation of Octvl 2.6Kli-Obenzovl-4-0>r4>Q-aofityU9 fi> 
di-C)-benzovl-B-D-GalactQ-Pvranosvl^-3>Q-f2 .3.4-tri-Oben7yl-ft-L- 
fucopvranQSvlVB^D-aiucQPvranQsidQ (ga) 
Compound ZZ, (5 g) was dissoKred a 1:1 mbcture of benzene and 
triethylorthoacetate (110 mL), containing 4-toiuenesulfonic add (0.2 g), and the 
mixture was stirred for 1h at room temperature. The acid was neutralized with 
triethylamine, and the mixture evaporated to dryness. The residue was cDssolved in 
80% aqueous acetic add (75 mL) and stirred for 40 min at nxm temperature. The 
acetic add was evaporated under diminished pressure and the last traces were 
removed by co-evaporation with toluene to yield 2S. (4.7 g, 91 .3%); [afe, -4.50 (c0£, 
chloroform), Ll.c. (5:1 ethyl acetate-toluene). i3C NMR (CDCI3): 5 170.98 (KJCHa), 
166.75, 166.33, 166.18, 165.07 (4x PhCO), 102.03, 101.08 (C-1, C-V), 98.16 (C-1 
fuc). 80.07, 78.23 (C-3. C-4), 74.69, 73.53, 73.24 (3 x PhCHg), 70.66 
[0£tb(CH2)6l, 63.23, 61.42 (C-6. C-6'), 32.25-23.14 [(atia)6CH3l, 21.20 
(COCUa). 17.49 (C-6 fuc), and 14.63 (CHa). 

FmmnfftPI 

Preparation of Octvl 2.6-di-0-benzovl>3-Q-/g a A>tri, 
0-benzvl-a-L-fucopvranQSviV4>0>rsQdium A-O-acetyUP.fi-rii-Q- 
benzQvl-B-D-Qalactopvranosvl 3-smfateVB-nluf! 0Dvranoside (9A) 
A mbcture of 23. (4.5 g) and sulfur trioxide-pyridine complex (4.5 g) in dry pyridine 
(65 mL) was stirred for approximately 40 min at 55-60o C. After cooling to room 
temperature, methanol (5 mL) was added and the mbcture stirred for 20 min, 
concentrated and the residue co-evaporated with toluene. The residue was purified 
on a silica gel ccdumn (19:1 fcdiowed 9:1 chlorofonm-methanoO. On evaporation of the 
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fractions corresponding to the product, the residue so obtained was dissolved^n 1:1 
chloroform-methanol and stirred with Aml)ertite IR 120 (Na+) cation-exchange resin for 
1 h at room temperature. The resin was filtered off and washed with 
chloroform-methanol and the solution was evaporated to yield 21 (3J2 g, 84.7%) as 
an amorphous solid; [ab +5.3o (cl.1, chlorofonm-methanol 1:1 v/v), t.l.c. (9:1 
chlorofomrHmethanoO. 

Example 22 

Preparation of Octvl Oa-L-fucoDvranosvl-ri^a^Q^fsndium fl-D-f^fti actoDvranosyl 
3^ulfate^1-»4^VB>[>QluooDvranoslrie /Pfi) 

Compound 2A (4.4 g) in methanol (1 00 mL), containing a catalytic amount of sodium 
methoxide, was stirred overnight at 45-50o C (tl.c. 6:2:1 ethyl acetate-2-propanol- 
water). The mixture was cooled to room temperature, najtralized (pH paper) witti 
Aml)erlite IR 120 (H+) cation-exchange resin, filtered directiy into a flask containing 
Aml)ei1ite IR 120 (Na+) cation-exchange resin, and stirred for 45 min at room 
temperature. The resin was filtered and washed with methanol, the filtrate and 
washings combined and concentrated. Several portions of hexane were added to, 
and decanted from the residue to yield ttie partially protected intenmedlate 25, (2.7 g, 
90%); [a]o, -54.10 (cO.8, methanol), Ll.c. (6:2:1 ethyl acetate-2-propanol-water); 
positive LSMIS: 995.6 (M+Na)+, negative LSIMS: 949.7 (M-Na). 

A solution of 2a (2.6 g) In 4:1 methanol-water (100 mL), containing 10% 
palladjum-on-cart)on (2.6 g) was stirred ovemlght at room temperature under a 
hydrogen atmosphere. The mixture was filtered over ceiite, directiy onto Amt)erlite IR 
120 (Na+) cation exchange resin, and ttie solids thoroughly washed witti aqueous 
methanol. The mixture was stirred with the resin for about 1h, filtered and 
concentrated. Exanrrinafion of ttis material nriass spertrometry indicated ttiat it was 
contaminated wittt a small proportion of a compound carrying a benzoyl group, as 
evidenced by an ion with a mass of 783 (M-Na+Bz). This material was again 
sulqected to Zemplen trans-esteriflcation exactiy as aforedescrlbed. After ttie usual 
processing, it was purified on a silica gel column (13:6:1 chlorofomvmetttanol-water). 
Fractions conBSponding to ttie product were pooled and concentrated to yield a 
residue, which was redissolved in water, filtered (0.2 |iM Cellulose acetate syringe 
filter) and lyophiiized to yield 2S (1 .68 g, 89.8%), as a white fluffy solid; [ab -5&6o (c 
0.7, mettianol), tl.c. (13:6:1 chloroform-mettianol-water); negative LSIMS: 679.6 
(M-Na)-,701.7 (M-H)-. 
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B(amDle23 

Preparation of OcM Of2.6-dl-0-ben7oyl ^.4-0-L«;npmnY|i^ pno 
-B-DHialaetoDwanosvl-/1-UWg.a.<Utri.Q-ben7nyi.fu n.aiucotwra { tj) 
A solution of i£ (2^ g, 5 mmol) in pyridine (50 mL), was treated with benzoyl 
chloride (4^ mL, 37^ mmol) and the mixture stirred overnight at room temperature. 
The mixture was poured into ice-water and extracted with dichloromethane (3 x 30 
mL). The combined organic layer was washed with water, cold 5% H2SO4, cold 
saturated NaHCQs, and water, dried, and concentrated to a synjp, which crystallized 
from methanol to yield 21 (4.7 g, 91.6%); m.p. 156-1570 C: [ab +40.5© (c 1.3, 
chloroform), Uc. (8.5:1.5 toluene-ethyl acetate). iH NMR (CDCI3): 6 8.40-7.20 (m, 
25 H, arom.), 5.72 (t. IH, J 9.4 Hz, H-3), 5.42 (dd, IH, J 7.9 and 9.7 Hz, H-2% 5.14 
(t 1 H. J 7.3 Hz, H-2^, 4.64 (d. 1 H, J 7.9 Hz. H-l"). 4.58 (d, 1 H. J 7.7 Hz, H-1), 
1 .52, 1 .24 (s. 3 H each, [(CHM and 0.8 p, 3 H. J 7.1 Hz, £ti3(CH2)aI; i3C NMR 
(CDCI3): 5166.57. 166.49. 166.24. 165.76. 165.49 (5 x PhCO). 111.45 [£(CJi)2l. 
101.74. 100.74 (C-1, C-1'). 77.68 (CM). 76.04-71.93 (C-2.2'.C-3,3'. C-4'. C-5.5'). 
70.90 IO£ti2(CH2)6l. 63.43. 63.28 (C-6. C-6'). 32.25-23.16 [Ctb)6CH3]. 28.01*. 
26.74 IC(£Ha)2l, and 14.65 (CHg); negative LSIMS: 1167.4 (M4fnNBA)-. positive 
LSIMS: 1037.0 (M+Na)^. 

Example 24 

Preparation of OdM Q-f2.6-dl-0-hftn?Qvl.B.r>.pato ctorwrannsyl). 
(1-»4)-2.3.6-tr1-0-benzfwl.B-nliiftnpYranps|^ftfpp) 
A solution of compound 2Z (4.5 g) in chlorofomo (200 mL) was treated with 
trilluoroacetic add (25 mL) and water (3 mL). and the mixture, stirred for 2 h at room 
temperature. The mixture was washed with ice-cold, saturated NaHCOa. and water, 
dried and concentrated to yield 2& (4.15 g. 96%). amorphous; talD+38.6o (c 1.6. 
chlorofonn). LLa (4:1 toluene-elhyi acetate). "C NH/IR (CDCI3): S 1 66.69 - 1 65.78 (5 
X PhCO), 101.75. 101.51 (C-1. C-1'). 77.06 (C-4), 70.86 [0£tl2(CH2)6l, 63.37, 
62.86 (C-6. C^O. 32.26-23.16 [(Cil2)6CH3l. and 14.66 (CH3); negative LSIMS: 
973.3 (M-H)-, 1019.9 (M+N02)-, 1127.1 (M+mNBA)-, positive LSIMS: 997 0 
(M+Na)^. 

ExamplQgS 

Preparation of Qctvl 0-/4-0-aceivi.2 fi-di-fVhpnT^f. 

B-D-oalactonvranosvl-f 1 -»4Vg a fi.tri.0.ben7nyl-f^ .D.q|,iRnpymnn g|^^ft f?9) 

A solution of 2fi (4 g) in a 1:1 ndxture of benzene and triethylorthoacetate (100 mL), 
containing 4-toluenesulfbnic add (200 mg). was stirred for 1 h at room temperature. 
The add was neutralized \«rftti triettiylamine and ttie mixture concentrated, (fissdved 
in 80% aqueous acetic add and stirred for 40 min at room temperature. The acetic 
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add was evaporated in vacuo, and co-evaporated witti toluene to yiefd 2a (4 g, 
95.9%); [ab +17.850 (c 1.35, chloroform). i3C NMR (CDCI3): 6 171.25 (CH3CO), 
166.85-165.78 (5 x PhCX)). 101.73, 101.06 (Ol, C-l*), 76.34 (04). 70.92 fOCHy- 
(CH2)6l. 63.34. 61.96 (06, 06'). 32.25-21.19 [{SM^eCHs]. and 14.63 (CH3): 
Negative LSIMS: 1169.0 (M+mNBA)-, 1038.8 ( M+Na)+. 

Preparation of Odvl 4-0-/ sodium fl-D-^ alaetonyiannfiwI 3-siilfat«») - 
B-Qlucoptfrannsiria(ai) 

A mixture of ^ (3.8 g) and sulfurtrioxide-pyridlne complex (3.8 g) in iodine (60 
mL) was stirred for at)out 40 min at 55-600 C. The mixture was cooled to room 
temperature, methanol (5 mL) was added and the mixture sHrred for 20 min at room 
temperature. It was concentrated and co-evaporated with toluene. The residue was 
purified on a silica gel column (19:1 and 9:1 (v/V) chlorofomn-methanol) to yield 3Q 
(3.5 g, 83.3%); negative LSIMS: 1095.2 (M-Na)-. 

Compound aH was dissolved in methanol (100 mL) containing a catalytic amount of 
sodium methoxide and the mixture stirred overnight at about 45-50o c. After 
processing in the usual manner, the residue was purified on a silica gel column 
(13:6:1 chlorofomvmethanol-water) to yield Qi, (1 .65 g, 94.8%); (ab -4.50 (c 1.5, 
methanol); Negative LSIMS: 533.4 (M+Na)-, 555.4 ( M-H)-. 



Example 37 

Selectin Uoand Pmnerties of Lart pse pBrivativPR 
Compounds ISa, i3t. 2fi and 31 were tested for their capacity to Irfnd to E , L and 
P selectin. The EUSA assay used consists of evaporating 2,3 sUx glycolipid, at 25 
piownoles per well, onto microtiter wells, and then washing the excess off with water. 
The wells are blocked with 5% BSA at room temperature for an hojr and then 
washed with PBS containing ImM Ca. WhOe the plate is being bloclred, biotin 
labeiled goat F(ab')2 IgG (Fc specific) and streptavidin-alkaline phosphatase diluted 
1 :1500 in 1 % BSA-PBS (ImM Ca) are combined with either the E, L or P Seleclin- 
IgG chimera (L91-1 0) at 200 ng/mL and incubated at 37o C for 1 5 minutes to allow a 
complex to form. This provides a soluble "tnuldvalenf receptor. Compounds 13a 
and 13b were added at final concentrations ranging from 1 5 to 5.0 mM to the soluble 
receptor and allowed to react at 37o C for 45 minutes. The solutions were then placed 
In the microtiter wells that had been washed after being blocked, and the plates 
incubated at 37o c for 46 minutes to allow the soluble receptor to bind to the known 
natural Ugand, 2,3 sLex glyooUpid. The positive control was the signal produced by 
soluble "multivalent" receptor reacted with only the ligand evaporated to the microtiter 
wen This was considered '100 % binding." The signal produced by receptor 



36 



WO9Sail80 PCTAJS95rt)12»5 

previously readed with inhibitor is divided by the signal produced by the positive 
control, multiplied by 100, to calculate % receptor bound in the presence of the 
inhibitor. The reciprocal of this is % inhibition. 
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It is apparent from Table 1 that compounds 12a, 12b and 2fi inhibit binding o^£ 
selecUn to 2,3 sLex glycolipid. Over the three concentrations tested ISb was the 
better Inhibitor with the greatest (fifferenoe apparent at 5mM concentration. At this 
concentration 12b showed 82.5% inhibition compared to 48% for 13a. 

Table 1 

INHIBITION OF E-SELECTIN BINDING TO sLeX 



COMPOUND 


CONC. (mM) 


% INHIBITION 

fV 1 1 V 1 II ill 1 ^ 


i^a 








2.5 


34 




5.0 


48 




1.25 


4^.5 




2JS 


45.4 




5.0 


82.5 


2S 


0.5 


U 




1.0 


30 




2.0 


50 




4i) 


70 


31 


U.5 


U 




1.0 


0 




2.0 


0 




4.0 


0 
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It is apparent from Table 2 that both compounds 12^ and also inhibit binding of 
L selectin to 2,3 sLex glycolipid. IHowever, the difference here was considerably 
greater than the differ^ce in % inhibition for binding to E seiedin. For example, at 
1 2S mM, XSk surprisingly showed 90% inhibition. 1 00% inhit)ition was observed at 
2 mM and 5 mM. In martced contrast, displayed only 1 3% inhibition at 1 25 mM 
and a maximum inhibition of 47% at 5 mM. Compound 2g displayed 30% inhibition 
at all the concentrations tested. Compound 21 is inactive fan the inhibition of E- and L- 
selectin binding to sLex. 

Table 2 

INHIBITION OF L-SELECTIN BINDING TO sLeX 



COMPOUND 


CONC. (mM) 


% INHIBITION 




luS 


13 




2J5 


27 




5.0 


47 


13b 


1.2S 


80 




2.5 


100 




5.0 


100 




VJb 


u 




1.0 


30 




2.0 


30 




4.0 


30 


31 


0.5 


0 




1.0 


0 




2.0 


0 




4.0 . 


0 



Table 3 indicates that compound 2S is a better inhibitor tif P selectin (as compared to 
L-selectin) binding to 2^ sl^ex giyoolifrid. 



Table 3 

INHiBITiON OF P-SELfCTIN BINDING TO sIjSX 



COMPOUND 


CONC (mM) - - 


%INHIBITION" 


26 


0.5 


u 




1.0 


20 




2.0 


40 




4.0 


45 
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gxamDle28 

Acute Lupq Inivfy Assay 

Experiments were done to determine the effectiveness of compounds 12b or 21 in 
their ability to reduce neiitrophil-dependent injury to the lung endothelium and alveolar 
epithelium followng add aspiration injury. 

Female New Zealand White rabbits (1 each/group, approx. 2 KG each) were 
anesthetized with halothane and ventilated with positive pressure ventilation 
supplemented with oxygen. Vascular catiieters were placed in the carotid artery, into 
the intemal jugular vein, and a tracheostomy was made for positive pressure 
ventilation. A low pH solution (HCI, pH 1 .5) was installed in Ringer's lactate 
(osmolaDty = approximately 1 00) at a dose of 3 ml/kg Into the trachea to stimulate a 
gastric aspiration Induced lung injury. Compound 1^ or ^ were injected (10 
mg/kg/hr IV) 5 minutes prior to intratracheal instillation of the low pH solutions 
continued by hourly injections until the end of the experiment. Appropriate controls 
were used. An Intravascular as well as an Intra-alveolar radiolabelled protein tracer 
was injected to quantify lung endothelial and alveolar epithelial protein pemneability. 
Arterial blood gases, systemic blood pressure and ainAfays were monitored. At the 
end of 6 hours the lungs were removed and alveolar fluid was sampled from botti 
lungs in order to measure the concentration of native protein as well as radiolabelled 
proteins in ttie airspaces to calculate lung vascular and lung epithelial permeabiii^. 
Also, one lung was lavaged in order to count the neutrophils that are present in the 
airspaces of the lungs. Extravascular lung water measurements was done on the 
lung which was not lavaged. Histological sample were taken from selected portions 
of ttie lung. 

Animals treated witii either compound i2b or 21 showed a decrease in Alveolar- 
arterial blood oxygen gradient as compared to the control animals. Rgures 1 and 2 
show the effect of compounds 1^ and M respectively on rabbits in the acute lung 
injury model. 

It is noteworthy ttiat compound 21 (see Example 27) was inactive in vitro in 
inhibition of E- and L-selectin binding to sLex, but effectively reduced neutrophih 
dependent injury to the lung endothelium and alveolar ^ithelium foDowing ackl 
as^ration injury in the acute lung injury model. It Is possible that compound 21 is 
fucosylated In vivo, ttiereby explaining the positive activity of compound 21 In the 
acute lung injury model. 

Example 29 

Reperfuslon Injury Assay 
Experiments were done to determine the effectiveness of compound 12b in 
decreasing adhesion of human neutrophils in ttie rabbit isolated heart Addition of ttie 
human plasma to ttie rabbit isolated heart results in activation of the complement 
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components found within th plasma, which in turn promotes an increase in the 
neutrophfl aocumulation. This model Is used to detemjine the effect of lactose 
derivatives on inhlbHing complement-induced neutrophil adhesion. 

Hearts from New Zealand White rabbits were excised, mounted on a modified 
Langendorff apparatus and perfused with Krebs-Heinseleit buffer. Cardiac fundional 
parameters were monitored upon a Grass Model 79D polygraph machine. 4% 
normal human plasma (NHP) was added to the nedrculating buffer. Ten minutes after 
the addtion of the plasma, J2b (0.1 mg/ml) was added to the perfusate. After 15 
minutes of perfusion with the plasma. 51 -chromium labelled human neutrophils (1 x 
KWhiO were added to the perfusate and allowed to recirculate for an additional 15 
minutes. At the end of this time the hearts were washed with fresh buffer to remove 
non-specifically bound neutrophils, dried and counted in a well type gamma-oounter. 
A concentration response cun/e was generated using concentrations of 0.001, 0.01 
and 0.1 mg/lml. Six hearts were used for each of these concentrations. 

Table 4 lists the results, expressed as the peir^ Inhibition of neutrophil 
accumulation. The resuHs of the concentration-response ^dy are shown In Figure 
3. These results are expressed as the number of radiolabeiled human neutrophlls/mg 
of diy w^ght of the heart 

It should be noted that the number of neutrophils seen with the 0.001 mg/ml 
concentration of compound i3t is slmilarto that of the control. Compound ISb 
inhibited neutrophil adhesion in a concentrationKlependent manner with the most 
significant degree of inhibition using the 0.1 mg/ml dose. These data provide 
evidence that compound J3!2 was successful in decreasing neutrophil adhesion in ' 
this model. It should also be noted that the greatest degree of inhibition seen using 
phamiacological agents, including a number of peptides derived fonn P-selectin and 
antibodies directed against P-seiecBn and the CD1 1b/CD18 complex {Ma. XIn-llang, 
et al., CinailaliQa (1 993) Ba.2:649), has been 40%. Compound ISb provides a 
degree of inhibition similar to any of the phamiacological events tested ttius far. 

Based on the above resuHs, it Is apparent that the compounds of ttie invention are 
useful for treating diseases, preferably diseases ttiat have an inflammatory 
component. Adult Respiratory Distress Syndrome (ARDS), ischemia and reperfusion 
injury, including strotes. mesenteric and peripheral vascular disease, organ 
transplantalion. and circulatory shocit (In this case many organs might be damaged 
following restoration of blood flow). 



Table 4 



Compound 


% Neutrophil InhUBBSft 
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1. A compound of the formula: 

OR' X Y 
wherein each W is independently H or lower ail^ (1-4C); 
R2 is H, tower allcyl (1-4C), a lipophilic group such as a higher alkyt group 
(5-15C). allqriaiyl or one or more additional saccharide residues; 

R3 is a negatively charged moiety Including SO42-, PO42-; 
Y is H, OH or lower allcyl (1 -4C); and 

X is H or -CHR4{CH0Ri)2CHRS0Ri wherein R4 and Rs are each 
Independently H, lower alkyi (1-4C), or taken together result in a five- or six- 
memboed ring optionally containing a heteroatom selected from the group consisting 
of O, S, and NRi; 

sakl five- or six-memt)eFBd ring optionaliy sut)stituted with one substituent 
selected from the group consisting of R\ CHaORi, 0R», OOCR1. NRI2, NHCOR1, 
and SRI with the proviso that If X represents a hexose substituent R* and R*. taken 
together, cannot provkle a hexose substituent. 
and salts thereof. 

2. The compound of dalml wherein all Ri are H. 
3- The compound of daiml wherein R2 is H. 

4. The compound of cleum 1 wherein R2 is -CH2(CH2)6CH3. 

5. The compound of daim 1 wherein Y is H or OH. 

6. The compound of claim 1 wherein X is -CH2(CHOH)3H, 2,3,4- 
trlhydroxybenzoyl, or Is a 3.4,5-trihydroxy or 3,4,5-trimethoxy(yran-2-yl or 
furan-2-yi. 

7. The compound of daim 1 wherein one of R4 and R5 is H and the other is H. 
lower all^ (1 -4C), or phenyl. 

8. The compound of daim 7 wherein said ail^ is methyl. 

9. The compound of daim 7 wherein both R4 and R5 are H. 

10. The compound of daim 1 wherein H* and Rs taken together are 3,4,5- 
trihydroxy or3,4.5-trimetho3q^ran-2^l or fuKan-2-^. 

11. Thecompoundof dalml wherein ail Ri are H, R2 is H, Rs comprises S04a- 
and X is a fucosyl residue. 

12. The compound of daim 1 wherein all Ri are H, R2 is 
-CH2(CH2)6CH3, R3 comprises S042- and X is a fucosyl residue. 

13. The compound d daim 1 wherein aH R* are H, R2 is 
-CH2(CH2)eCH3. Ra comprises S04z- and X is H. 
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14. A method to synthesize lactose derivativeSt said method comprising 
contac^ng a compound of the fomnula 



wherein each R6 is independently H, lower alkyt (1-4C), or a protecting 

group; 

wherein Yi is H, OH. OR600CR6 or SR6; 

wherein at least one which is at the position to be sut)StitiJted, and at 
most one adjacent R^ is H and all other R^s are protecting groups; 

wherein R7 is a protecting group, or a lipophiDc group such as a higher ali^ 
group (5-1 5C); 

with an electrophlle-donating moie^ to obtain a product wherein the 
electrophlle is sut>stituted for the H of the OH at the position to be substituted. 

15. The method of claim 14 wherein the compound of said formula is selected 
from the group consisting of: 

benzyl-6-0-benzoyl-3-0-(2.3,4-tri-0-benzyl-a-L-fucopyranosyl)-4-0-(6- 
0-t>enzoyl-B-D-galactopyranosyl)-B-D-glucopyranoside; 

benzyl-6-0*benzoyl-3-0-(2,3.4-tri-0-benzyhd-L-fucopyranosyl)-4-0-(6- 
0-benzoyl-3,4-0-isopropylidene B-D-galactopyranosyl)-B-[Hllucopyranoslde; 

benzyl-3-0-(2,3,-tri-0-bOTzyl-a-L-fucopyranosyi)-4-0*(3.4-0- 
isopropylidene-B-D*galactopyranosyl)-B-D-giucopyranoside; 

benzyl-2,6-di-0-benzoyl-3-0-(2,3,4-tri-0-benzyl-a-L-fucopyranosylH- 
O -( 2,6-d I- O-b enzoy 1-3 ,4- O -i sop rop y lidene-B -D -galactopy ranosy 1) -B-D- 
gluoopyranoside; 

benzyi-2,6-di-0-benzoyl-4-0-{2,6-di-0-benzoyl-3,4-0-lsopropylidene-B- 
D-gaiactopyranosyl)-B-D-glucopyranoside; 

2-(Trimethylsiiyl) ethyl 3-0-(2,3,4-tri-0-benzyl-L-fucopyranosyi)-4-0- 
(2,6-dl-0-benzoyl-B-D-galactopyranosyl)-2,6-dl-0-benzoyl-B-D-gIucopyranoside; 
and 

benzyl-0-(2A4-trl-0-benzyl-a-L-fucopyranosyl)-(1-3-[0-(2,6-dl-0- 
benzoyl-3.4-0-isopropylidene-B-D-galactopyranosyl)*(1-4)>2.6-di-0-benzoyl-& 
D-glucopyranoside. 

16. The method of daim 14 wherein the compound of said formula is selected 
from the group consisting of: 

oclyl-6-0-benzoyl-3-0-(2,3,4-tri-0-benzyl-a-L-fuGOpyranosyl)-4-0*(6- 
0-benzoyl-B-D-galactopyranosyl)-B-D-glucopyranoslde; 

octyl-6-0-benzoyl-3-0-(2,3.4-tri-0-benzyl-d-L-fucopyranosyl)-4-0-(6- 
0-benzoyl-3,4-0-isopropylidene B-D-galactopyranosyl)-B-D-glucopyranoslde; 
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octyl-3-0-(2,3,-tri-0-benzyl-a-L-f ucopyranosy l)-4-0-( 3,4-0- 
isopropylidene-B-0-galactopyranosyT)-B-D-gIucopyranoside: 

octyl-2.6-dl-0-ben2oyl-3-0-(2,3,4-tri-0-benzyl-a-L-fucopyranosyl).4-0- 

(2,6-dr-0-benzoyl-3.4-0-isopropylidene-B-D-galactopyranosyl)-B-D- 
glucopyranoside; 

octyl-2.6-di-0-benzoyl-4-0-(2,6-di-0-benzoyI-3,4-0-lsopropylidene.B- 
D-galactopyranosyl)-B-D-glucopyranoside; and 

octyl-0-(2,3,4-trf-0-ben2yl-a-L-fuoopyranosyl)-(1-3-[0-(2,6-di-0- 

benzoyl-3,4-0-l8opropylldene-B-D^alaclopyranosyl)-(1-4)>2,6-di-0-ben2oyl-fl- 
D-glucopyranoside. 

17. A phaimaoeuUcal composition comprising said compound of 

daiml. 

18. A method of treatment of a disease in an animal, including a human, 
comprising administering to said animal a therapeutically effective amount of a 
compound having the fbUowhg structural formula 

OR' i Y 
wherein eact) Ri is bidependently H or lower ail^ (i -4C); 
R2 Is H. lower alkyi (1-40, or a lipophlUc group such as a higher alkyi group 
(5-15C), alkylaryl or one or more additionai saccharide residues: 

R3 is a negatively charged moiety including S042-, P042-; 
Y is H. OH or lower all^ (1-4C); and 

X Is H or -CHR4(CHORi)2CHR50Ri wherein R 4 and Rs are each 
Independently H, lower aikyi (1^), or taken together result in a five- or six- 
membered ring optionally containing a heleroalom selected from the group consisting 
ofO,S,andNRi; 

said five- or six-membered ring optionally substituted with one substituent 
selected from the group consisting of Ri, CHgORi, ORi. OOCRi, NRig, NHCORi, 
and SRI with the proviso that if X represents a hexose substituent R4 and Rs, taken 
together, cannot provide a hexose subsUtumt, 

and saHs thereof. 

19. The method of aaim 18 wherein the disease Is selected from the group 
consisting of inflammation, autoimmune cBsease, rheumatoid arthrfUs. ischemia and 
reperfusion injury, shock and cancer. 
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